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1.0. INTRODUCTION

TACOM started an engineering program in 1975 at the Propulsion Systems
Laboratory for Military Adaptation of Commercial Items. The program's objec-
tives are selection and simulated field test evaluation of current advanced
technology engines to replace or update military engines in current vehicle
programs.

2.0. OBJECTIVE

The test objective is to determine full- and part-load performance charac-
teristics and engine durability through the standard 400-hour NATO Test program
(AEP-5'dated June 1980) using fuel with high sulfur content (1.05 percent).

3.0. CONCLUSIONS

The engine performed satisfactorily over the full range of test speeds, both at
full and part loads, and throughout the 400-hour endurance test. The engine
also met manufacturer's listed performance values of power, torque, fuel eco-
nomy, and heat rejection. The engine was operated for a total of 582 hours.

Although the engine performed satisfactorily and met the performance require-
ments, it did not meet durability requirements and therefore failed to pass the
L400-hour NATO Test. Failure to pass the NATO Test was based on condition of the
pistons at endurance test conclusion; five of the eight pistons had developed
serious cracks in piston pin bores.

4,0. RECOMMENDATIONS

Further piston durabilty improvements would appear obtainable through the
following:

"0 Material improvement;
o Change of fabrication methods;
o Improved piston cooling;

o Piston reinforcement or addition of another reinforcement material
(insert);

o Heat bridges added or other stress relieving methods applied.
5.0. ENGINE SPECIFICATIONS

5.1. Test Material.

5.1.1. Engine
o Code: E-U36

0 Model: VTA-903T
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© Maximum Output € 500 ft and 850F (152m & 29°C) - BHP (kW): 500 (373)
o Speed € Maximum Output - RPM: 2,600
o Type: Compression Ign; U cycle; 90° vee; 8 Cylinder
o Aspiration: Turbocharged & Aftercooled
) Bore-iﬁ (mm) x Stroke-in. (mm): 5.5 (140) x 4.75 (121)
o Displacement - in3 (litres): 903 (14.8)
0 Compression Ration: 15.5:1
o Dry Weight (with Standard Accessories) - 1b, (kg): 2,450 (1,110)
- o Piston Cooling: Drilled Rods ‘
5.1.2. Lubricating 0il: Grade 30, MIL-L-2104-C
Referee Grade: 30 °
Imperial 0il Co.
( APPENDIX E)
5.1.3. Fuel: MIL-F-46162B (ME) (1} Aug 81)

0.95-1.05 percent Sulfur by Weight
( APPENDIX B)

5.2. Test Equipment. Controls equipment, and associated instrumentation of
cell no, 2, Building 212 TACOM.

5.3. Test Procedure.

5.3.17. Propulsion Systems Division Test Program: Engine Operating Limits and
Adjustments. (APPENDIX A)

5.3.2., NATO Test Specification: Allied Engineer Publication (AEP-5) June 1980,
NATO Standard Engine Laboratory Test for Gas Turbine Engines and Diesel and
Gasoline Engines. (APPENDIX D)

6.0. RESULTS AND DISCUSSION

6.1. Pre-endurance Test Performance Evaluation.

6.1.1. Full-load Performance. All data are presented as observed without
corrections. The engine developed 378 observed kW (506.4 BHP) at its rated
speed of 2,600 RPM., Peak torque was 1,439 N-m. (1,061 1b-ft) at 2,400 RPM.
Performance details are presented in Figures 1 and 2 and Table 1.

6.1.2. Part-load Peformance. The minimum observed brake specific fuel conSump-
tion was 215 g/kW-hr (0.354 1b/HP-hr) at 1,900 RPM, at 85 percent load.

6.2. Performance and Endurance Evaluation During NATO Test.

6.2.1. Full-load Performance After 100 Hours. The engine developed 377.2 kW
(505.9 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was 1,443
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N-m. (1,064 1lb~ft). Performance details are presented in Figures 3 and 4 and
Table 2,

6.2.2. Full-load Performance After 200 Hours. The engine developed 377.2 kW
(505.9 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was
1,441.4 Nem. (1063 1lb-ft). Peformance details are presented in Figures 5 and 6
and Table 3.

6.2.3. Full-load Performance After 300 Hours. The engine developed 376.6 kW
(505 BHP) at 2,600 RPM. The maximum torque occurred at 2,400 RPM and was

1,430.6 N-m. (1055 lb=ft). Performance details are presented in Figures 7 and 8
and Table U4, R )

6.2.4, Full-load Performance After U400 Hours. The engine developed 375.1 kW
(503 BHP) at 2,600 RPM. The maximum torque value was 1,423.8 N-m. (1050 1b-ft)
at 2,400 RPM. Performance details are presented in Figures 9 and 10 and Table

5. - -

6.2.5. Endurance Test (400 Hours). Altﬁough the engine completed the endurance
test (400 hours) and was operated for a total of 582 hours, the engine failed the
NATO Test.

6.2.6. Visual and Dimensional Inspection of Major Engine Components Following
Endurance. At completion of the test, the engine was completely disassembled,
and cleaned and all critical parts were visually examined, dimensionally
checked, and photographed. Visual inspection and measurements revealed that
virtually all components were in excellent condition. The engine components and
their condition are described as follows (see APPENDIX'F for photographs and
APPENDIX G for Dimensional Inspection Sheets):

o Pistons - Pistons and rings showed no evidence of scoring. Rings had no
breakage and were free to move in the ring grooves. Ring grooves were still
tight. Piston skirts were clean - no signs of varnishing. Varnish was only:
evident on the bottom side of the piston heads where cooling oil made contact.
Although the outward appearance of the pistons was good, six pistons showed signs
of severe stress. Cracks had developed in the piston pin bosses in the upper
half of the wrist pin bores. Piston numbers 1 and 8 did not show signs of
cracking. Carbon buildup on pistons and top lands was light.

o Piston Pin - No visual wear.

0 Cylinders - Good appearance with only minimal wear indicated.

o Crankshaft Main Journals - Very good condition.

o Crankshaft Rod Journals - Very good condition.

o Main and Rod Bearings - No scratching and no overlay breakthrough.

o Cylinder Head Intake and Exhaust Valve Seats - Very good condition.

o Intake and Exhaust Valve Faces - Good condition.

o Camshaft - Lobes and bearing surfaces were in excellent condition.
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o Gears - Crankshaft, Camshaft, 0il Pump Driie and Injection Pump Drive-
good condition with no scratching or scoring.

0 0il Pump Pickup Tube - Broken at the bottom end néar the pan - did not
prevent oil pickup. '

o Engine Torsional Vibration Damper - Showed signs of fatique failure -
some of the elastomer worked loose.

6.2.7. Engine 0il Consumption. 0il consumption during the test was recorded by
using the method of adding oil to the engine as required before engine start-up.
0il consumption was light. Results are shown in Table 6.

6.2.8. 0il Spectrographic Analysis, O0il samples were taken at 25-hour inter-
vals and forwarded to the Petroleum Field Office East, New Cumberland,
Pennsylvania. Report findings met NATO requirements as shown in APPENDIX E.
(0il sampling analysis was started at 126.5 hours).

6.2.9. Full-load Heat Rejection. Maximum full-load Brake Specific Heat
Rejection measured 0.585 W/W (24.8 BTU/BHP-MIN) at rated speed, 2,600 RPM. The
total heat rejected was 217.3 kW (12,356 BTU/MIN). Full-load heat rejection
characteristics are shown in Figures 11 and 12. )

6.2.10. Neither Smoke Readings nor Full-load Air Flow Were Measured. However,
some data from a previously tested engine of the same model have been added to
this report for general informational purposes. These data are shown in Figure
13 and Table 7.

6.2.11. Fuel Map - Data are shown in Figure 14.

6.2.12. Performance Data Sheets Required by NATO Specifications. Data are
shown in APPENDIX H. '
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0il Consumption During Endurance

Engine Test Quantity 0il1 Cumulative

Hours Added (1b ) Consumption (1b )

.0 .0 SUMP FULL
7.5 3.6 3.6
14.0 1.8 5.4
27.5 1.8 7.2
40.0 1.8 9.0
47.5 1.8 10.8
54.0 3.6 4.4
60.5 1.8 16.2
80.5 1.8 18.0
87.5 1.8 19.8
100. 0 19.8
140.5 1.8 21.6
154.0 2.1 23.7
160.0 1.8 25.5
174.0 2.5 28.0
187.0 1.8 29.8
200.0 0 29.8
230.0 3.6 33.4
260.0 1.4 34.8
287.0 2.0 36.8
300.0 0 36.8
307.0 1.5 38.3
314.0 1 39.3
334.0 1.9 41.2
354.0 .5 41.7
370.0 1.2 42.9
380.0 .5 43.4
400, 0 43.4
TABLE 6
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r

AIR FLOW, m*®/h

FULL POWER INLET AIR FLOW

NOTE: (These values not from engine tested but from an engine

‘of the same model and are submitted as general information)

1800
1600 Pt
. 1/
, 7
1400 //
14
. /I
1200 ‘ /?‘/
/
1000 . ﬁ,l‘ .
7 Legend
y R 376 KW
800 fgj/ ® 355 KW
| A + 322 KW
,/ X 288 KW
T 3/// & 239 KW
600 7 ® 208 KW
P © 167 KW
'1"“35/
400 ; _
1100 14}00 17700 2000 2300 2600

T
SEPEED, red
Figure 13 FULL POWER INLET AIR FLOW

AIR FLOW UMITS. STANDARD CUBIC METRES PER HOUR
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- NOTE:

(These values not from engine tested but from an engine of the

same model and are submitted as general information)

. SPEED

‘2,600

2,400

2,200

2,000

1,300

" 1,600

0 HOURS

‘1.4

1.05

1.35

3.25

3.25

TABLE /,

ENDURANRCE #ZOURS

200 HOURS .200 HOURS
| o188 1.65
L5 138
: i;4§ - i.ss.
2.0 1.3
3.8 | 3.8
3.5 | 3.8

BOSCH SMOXE KEADINGS
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APPENDIX A - TEST PROGRAM




1E:

5

a

|

'PROPULSION SYSTEMS DIVISION
TEST PROGRAM CODE E-36 ENGINE

(Ce11 #6) )

MACI Evaluation of the Code E~436 Engine ’

B

. To determine the rilitary adaptability and performance characteristics of
Code E=436 Commercial Diesel Engine.

QUTLINE OF TESTS:

i

2.

3
L.
5
be
Te
g.
9
10,

il,

Prepare Code 'E-A36 engine for performance and endﬁrance tests.

Install instrumentation. | |

Calibration of instrumentation and equipment.

Engine operating limits, adjustments and instrumentation checkout.

Engine instrumentation and full load operational check-out.

F\ﬁ.l load perforxﬁanée.

Part load peffoma’pce.

Full load heat rejection. . | - .

Four hundred hour NA!f'O endurance test.

Disassembly, visual inspection and components measurement of engine (may
be conducted in=house and/or contractor's facility). ' L

Evaluation of results and final report.



TEST MATERIAL:
1. Engine Code E-36

Type ~ ~ 90°VEE, 500 HP @ 2600 rpm
Number of cylin&ers 8

Bore and stroke, in. ' 5650 x Le75

Displacement = 'cu. in. 203

Method of operétion' L cycle turbochargéd, after

~eooled compression ignition

' Compression ratio 15.5 to 1

2 .Inbricating 0il - Referee, grade 30, conforming to Military Specifica=
tion MII~1-210.4C,

3¢ Fuel = Federal Specification MII~F-46162B (high sulfur),
TEST BQUIRT : .

Test Cell No 6, dy'namometer, controls, associated instrumentation and
, equipmer!t, Bldge. 212.

TEST PROCEDURES:
1. Prepare engine for performance tests.

. as Install eng:.ne in test cell and make connections to dynamometer.
Obtain dry weight of engine and record. . Make necessary fuel, exhaust, and
intake air connections. Install cooling tower and fuel throttle and shute.
down connectione. lMake provisions for smoke‘ readings and measuring air flows.

be Install all regquired thermocouples, pressure lines, -speed and
load cell connections., Install warn:m.cz/ shutdown lights for critical temper—
atm'e/pressure and RPM limits on engine and dynamometer equipment.

e During heat rejection tests, normal type ecocoling tower will be
installeds Thermostat is recuired to be blocked in open no31t:|.on during

... test to assure accurate results. An engine themo tat (1§0 F) will be useds

The cooling tower w111 be adjusted to malnta:m 205 F 45" engine out temp=-
eratures -

de Engine blow~by and/or crankcase pressure will be closely monitored

©  during full power performance run to assure adequate engine operation. In

addition engine oil temperature and pressure will be closely monitorede

A<3




€. Cooling tower will utilize a sight class in the lower pipe (engine
filled with a 50/50 water and antifreeze mixture. A 15 psi pressure cap will
be used and shop air, through a regulator, will supply approximately 12 psi
pressure to the cooling system.

2. Instrumentation = Install instrumentation to obtain and record data at
each specified speed.

2. Temnerature,oF Range Accuracy
(1) Air, cell ambient (I&R) 60120 + 2 -
(2) Air entrance to air meter 60-120 +2
(3) Adir turbo inlet after air cleaner - 60-120 2
(L) Air, turbo outlet (to aftercooler, 120~500 42
R&L) -

(5) Exhaust, after turbo 200-1200 +10
(6) Exhaust, before turbo (I&R) 200-1400 +10
(7) Exhaust, ports (8) 200-1500 +10
(8) 0il1 sump 120~300 +2
(9) Fuel, before transfer pump 60-120 +2
(10) Fuel Spill | 60~160 + 2
(11) Coolant, engine inlet ** 120~250 +2

' (12) Coolant, engine outlet #** 120-250 %2
(13) Combustion air at meter (Meriam 30160 +2

flow meter) ,

(14) Cooling water, tower inlet * 35=100 .. -
(15) Cooling water, tower outlet * 35=250
(16) Engine oil gallery (manifold) 60-270-
(17) Instru-sntation bath 200 +2

_ * Indicates Quartz ‘:mperature Probes
% Indicates Quartz Temperature Probes in addition to regular thermocouple




b. Pressures, Gauge

(1)
(2)
(3)
(1)
(5)

(6)
(7)

(8)
(9)

(10)

(11)
(12)
- (13)

Ar, Test cell (in. H,0)
Air, before turbo (ine HZO)-S
Air, after turbo (in. hg)

Air across Mériam flow meter
(in. Hzo)

Alr at Meriam flow meter center

(in. H,0)
Air crankcase (in. HZO)

Exhaust, before turbo (in. hg)
Left & Right

Fuel supply before transfer pump
(psi) at primary filter

Fuel supply after transfer pump
(psi) at secondary filter

Engine oil gallery (psi)
Coolant pump outlet (psi)
Coolant pump inlet (psi)

ce Miscellaneous

(1)
(2)
)
(%)
(5)

Engine speed, (RFM)
Dynamometer load, (ft-1b)
Fuel flow (1b/hr)

Blowby (CFM)

Smoke Density, Bosch meter

Range
0 to =1

0 to ~25

0 to +60

-0 to =28

0 to =20

-5 to 45

0 to +60

0 to +50
0 to =5

0 to +70

0 to +100
0 to +50
0 to 425

0 - 3000
0 = 2000
200
0-10

I+
[

+ I+
IR V)

I+
oy




de Special Instruction Considerations

- (1)
(2)
3)
(%)
(5)
(6)
(7)
(8)
(9)

Dymec dataacquisition system to be used for data gathering.

Quartz Thermometers to be used for heat rejection test.

Ioad cell to be used for measuring torque.

Digital Cox fuel weigh system to be used for measuriné fuel consumptioﬁ-
Coocling water weigh system 0-200 1lbs, 4

Smoke density, Bosch systen,

Blowby meter for measuring engine blowvby. ' -
Terperature reference bath (Mzintain at 200° F).

Meriam air flow meter,

e. The following monitors will be vprovided for operator uset
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(1)
(2)
(3)
(1)
(5)
(6)

Temperature Pressure

Ambient air (IL&R) , (1) 0il Gallery

Air after- turbo o - , . (2) Adr after turbo

0il gallery ' (3) Fuel after pump

Fuel before pump : .(h) Exhaust back pressure

Engine coolant in

Engine coolant out




3¢ Ce2libration of instrumentation and eguirment,

: £11 instrumentation and equipment will be calibrated prior to start of
test and at ranges specified in the previous paragraph 2. -

Le Engine overating J}imits and adiustments,

as/ Observe the following engine'operati.ng limits and test conditions
for performance and endurance tests.

. (1) 0i1 Gallery temperature, 250° F warning, 260° F manual return
to idle and contact test engineer.

(2) O0il pressure idle 15 PSI warning, 10 PSI shutdown. Oil pres=
sure normal operation L5 to 65 PSI above 1000 RP, 30 PSI shutdowne

(3) ' Air cell Ambient as close as possible to 77° Fe

(%) Coolant outlet temperature 205 & 5° F, warning 210° F, manuzl
return to idle at 215" F. Cooling system will be pressurized to 12 PSI.

(5) Fuel temperature before pumps 85 + 5° F.

(6) Exhaust outlet pressure at rated conditions 16 ine. H,0 & 3.

(7) Crankcase pressure meximmm 5 in. E,0.

(8) Nominal fuel flow 200 1b/hr at 2600 RPM.
(9) Exhaust temperature into turbo, 1020° F maxionm.

b,/ Maintain and record the following adjustments at completion of each
100 hour interval of endurance test or as indicated. Contact test engineer prior

to any adjustment.
(1) Idle speed 650 RPM.
(2) Governed speed (no load) 2960 RPM.
(3) Max torque 1030 ft~1b @ 1900 RPM.

(4) Full load 2600 RPM.




5« Engine Insﬁnxmentation and Full Ioad Operational Check-Out.

a« . Engine will be run to check leaks, instrumentation, recording and
printout systems. The following temperatures and pressures will be maintained:

(1) Inlet air (maintain as close as possible to 77° F)

(2) Air pressure at turbocharger inlet at rated conditions, -
~5 + 1 in. HZO' :

{3) Exhaust pressure ‘at turbo outlet at rated conditions,
16 _t 3 in. H200

(L) Coolant outlet temperature 205 +5°F ' -
(5) Fuel temperature before pump 85 + 5° F

Speeds will be verified after break=in.

b. Full load operational check will be conducted according to the follow-
ing schedule. During break-in monitor blowby in CFd and/or pressure. Do not
continue test if blowby exceeds allowed maximum. Take complete data and record on
log sheet for each break-in period. Repeat the cycle down and up.*

Period No. Time, Minutes Engine, RPM Observed BHP
1 10 , 650 (Idle) - _
2 10 ‘ 1200 - 50 z/l7
3 10 1400 100 375
L 10 1600 150 493
5 10 1700 200 ey
7 20 2100 300 T
8 20 2200 350 o
9 20 : 2400 LOO oo
10 20 2500 L50 o2
11 20 2600 , 500 g 45
12 20 - om - - e 1/ s
% Repeat this cycle in a reverse order using same RPM and power values.
¢. During period 5 or following period 7, check governor and notify test .

engineér prior to making adjustments, to limit the maximum speeds as follows:

Full load 2600 RPM
-No load (Coverned Speed) 2960 RPM



e. During period Noollthe following limits must prevaile.

(1) 011 gallery pressure 30 to 55 PSI
(2) Exhaust tempera‘éure into 1080° F max.
turbo :
(3) Crankcase pressure (in.HZO) ‘ 5 |
(L) Power output at rated 500 4 3% at 85°F air inlet,

29.38 im HG Barometer dry
6s Performance Test (Wominal 500 EuP)

Conduct performance tests with full rack, under the conditions listed
in paragraph 4 Record 2il data listed under instrumentation for engine speeds
of 1400 RPM to 2600 RPM 2t 200 RPM increments. At each setting the encine should

. be run for a sufficient time for stabilization. Additional tests (part load per=

_fomance and heat rejection) will be cconducted at completion of durability test.

7o Part load Performance Test (Mominal 500 EHP)

Conduct part load performance tests at 85, 70, 60, 50, LO, 25 and 15
percent loads using speeds of 1,00 RF{ to 2600 RPY in 100 RFY increments, Para=
graph 5 conditions will be maintained Guring runs. One hundred percent loads
will be determined just prior to part load testing. Perform an idle fuel cone
sumption test run with complete printout at the end of part load performance
tests, : ‘

8+ Heat Rejection Tests(Perform ot Completion of Durability Test)

: Determine heat rejection at full load, 205 + 5° F, erngine coolant out
temperature at the following speeds; 1400 RPM to 2600 RPM in 200 RPM increments,
Remaining conditions as specified in paragraph Le (Engine operating limits and
adjustments).

Q¢ - Four Hundred (L00) Hour NATO Endurance Test

as The LOO hour NATO endurance will te divided into four periods of
100 hours eachs Each 100 hour period is to consist of ten (10), ten hour

. periods as shown in test Schedule A. (New NATO cycle).




TEST SCHEDULS A

Period Percent Rated Speed Percent load (LB(FT) Time Hours

1 Idle 5650 RPH) ) 1/2
2 100 (2600 BFM) 100 (1010) 2
3 Coverned Speed (2960 RPM) 0 1/2
L 75 (1950 RFM) 100 1
5 Idle +% 100 0 4=p 100
. l]. N.ino 6 Min. - 2
é 60 (1560 RPH) 100 1/2
7 Idle (650 RPM) 0 1/2
8 Governed Speed (2960 RFif) 70 (707) 1/2
9 Max Torque Speed (1900 REH) 100 2
10 60 (1560 RPM§ 5 50 (505) 1/2
TOTAL DURATION 10

Conduct 400 hour NATO endurance test according to Test Schedule A.
Values of speeds and torques to be provided by test engineer following comple-
tion of performance test.

be During 400 hour endurance, the following pressures and temperatures
will be regulated to the values as indicated.

(1) Pressures.

(a) Air presure at turbocharger inlet shall be set =5 + 1
(in. HZO) at rated conditions and restriction held

throughout other tests.,

(b) Exhaust outlet pressure at full power through speed
range, 13=19 inches H20: at idle and part load, 0=13

inches of HZO'

(2) Temperatures
(a) Inlet air to turbocharger as close as possible to 77° F.
(v) Cooiapt outlet temperature 205 + 5° 7,
(¢) Fuel before seconéary filter 85 + 5° F.

) : c. Take four ounce oil sample before starting endurance and every 100
hours thereafter, take two ounce oil sample at 25 hour intervals. (Purge oil
sample line and take sample from o0il gallery with engine idling). Replace the

removed sample oil with same amount and type new one.

A~10




d. Check engine o0il at complet on of eve*y five hour test period or
Efforﬁ s started for a new day of test (w chev%r occ%rilfirst) Allow

me for 011 to settle before reaching marke Lo not overil

e. Data will be recorded during the last five minutes of each of the
ten periods listed in Test Schedule A, and just before stopping engine.

fe The following ma:ntenance and adjustments to engine will be

conducted after each 100 hour test period, and before power checks Check with
test engineer,.

(1) Change oil
(2) EReplace oil and fuel filters
(3) Record oil added (less sample) to bring to required level
(L) Maintain adjustments as indicated on page A-5.
(5) Visually inspect engine for leaks, breaks, etce
ge The 100 hour power check tests shall be conducted under temperature
and pressure conditions listed. Record all data listed under "Instrumentation"
for engine speeds from 1400 RPM to 2600 RPY in 200 RE increments, up only. At
each setting, the engine should be run for a sufficient time for stabilizaticn.
In addition, smoke density samples will be teken at each speed setting.
10. Obtain photographs of engine test set upe.
11. Disassembly and Visual Inspection of Engine. Record break;Lng torques of

cylinder head, crankshaft, and connecting rod bolts and photograph parts if required
durine Aisassembly. ™Make components wear measurement.

12, Evaluation of Results and Reporte

L

be Prepare reporte

’ 8¢ Consolidate and evaluate datae

|

; -

| ce Obtain photographs of set up and engine parts as required.
| ) .
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JOB_ASSIGRTNTS:

1. DRSTA-TB will be responsible for gathering data, maintaining a daily
log book, end test data log, directing personnel and general execution of test.

2, DRSTA-RGES will be responsible for day to day technical decisions,
monitoring test, evaluation of data, and preparing a report.

3+ MAny changes in the above test progzram shall be rmitually ag'reed upoh
by DRSTA-TB and DRSTA=RGES and confirmed by a supplement to this basic test
programe Each supplement will be evaluated for potential cost and for scheduie
revisions.

WRITTEN BY: -

@@M -(J_ O/-( L lbNe'T

Fe Ro"a'm-Abé‘;di o 48537
Project/Test 'Engineer

REVIEWED AND APPROVED BY:

Roy Je Ge. Rinmpela Lxv 43528
Team leader/Enzine Testing
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APPENDIX B = FUEL ANAIYSIS




ANALYSES OF REFEREE GRADE DIESEL FUEL
(MIL-F-46162B) SAMPLES

Properties
Density, kg/L at 15°C
Gravity, °API
Distillation, °F (°C)
" Initial boiling point
10% recovered
507% recovered
90% recoverdd
95% recovered
- End point, max
Sulfur, wt%
Accelerated stability,
total insélubles, mg/100 mL
Cetane number
Cetane index
Kinematic viscosity at
40°C, cSt
Cloud point, °C
Particulate contamination,
mg/L (0.8um filter)
Volume filtered, L

Requirements

Report
NR (1)

Report

~ Report

473~545 (245-285)
626-675 (330-357)
662707 (350=375)
725 (385)_max
0.95-1,05

1.5 max
40-45
40-45

1-9““’4 ° 1

=13 max

10 max
1

(1) NR = No requirement
(2) -- = Not measured

3
#6 Tank

AL-12077-F

0.8655 .

31.9

380 (193)
446 (230)
514 (268)
616 (324)
646 (341)
678 (359)
1,05

1.4 -
54 .
42



APPENDIX C = SAMPLE DATA SHEET
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APPENDIY. D = NATO ENGINE TEST SPECIFICATIONS
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NATO STANDARD ENGINE LABORATORY TEST

(GAS TURBINES ENGINES)
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"CHAPTER 1

PURPOSE AND APPLICABILITY

SECTION 1-1. LURPOSE

The purpose of this document is to define a test method and
standard conditions to-enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the laboratones

. of other NATO countries on the basis of thls method.

" The method described below is mdependent of exlstmg natmnal

test methods, which may be used for supplementary testmg. —

When an engine has met the requirements of the tests under the
present code, its power rating should be indicated as follows: "Power

rating. . .Kw (. . .metric HP) at. . .RPM, in accordance with NATO code
AEP 5. Edition June 1980.)

SECTION 1-2 .APPLICABILITY

»

These test conditicns apply to all service vehicle (combat and
transport) propulsion gas turbine engines with free power turbines.

. NOTE : SI units will be used,

 CHAPTER 2
, . _ TEST REQUIREMENTS

¥

RS

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1.  Engine reception.
.Runniné-in in acccrdance with manufacturer's instructions.
Performance test, complete (full and part loads).
Endurance test. .
. APex;formance test, complete (full and part loads).
Disassembly, inspectién and measurement.
Repor:t. '

NOTES : (1) Engine measurements may be carried cut before running-in.

(2) The manufacturer is respcasible for defining the runnine-
in programme, and the engine should have been run-in before
it is submitted for testing.

ﬁ-3-\ B ' - : - "\




(3) In so far as possible, the manufacturer’'s drawings and
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) 1t is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check .
acceptability. '

(5) The initial, if accomplished, and final inspection of the
engine should be carried out by the same inspection team
using the same gauges.

2.1.2. During performance and durability testing, the following varia-
: bles will be monitored : )

a - Main values
- Speed

Torque (er.tgine.output shaft)

b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

¢ - Air and gases _
Inlet air temperature ‘ Co
Inlet depression )
Inlet air flow (performance test enly)
Exhaust temperature
Exhaust back pressure
Gas temperatures at points influencing fuel control (if re-
quired) : -

d - Lubrication and cooling
Oil temperatures and pressures
Temperatures into and out of external ccolers
Flow rates of fluids to cooling devices external to the engire
(for heat rejection calculations)
Oil consumption (during endurance tests only)

e ~ Fuel
" Fuel temperature
Fuel consumption’

f - Miscellaneous
Smoke density _
Other parameters which influence fiel control
Vibration '

2.1.3. ‘Regulated parameters

Inlet Air Depression * at rated power :
25 + 2,5 mbar

Exhaust Back Pressure at rated power :
' 20 * 2,5 mbar

Fuel Temperature at Fuel Pump Inlet :

) 30° ¢ +3C

Inlet Air Temperature :
See Section 111

* Depression differential between static atmospheric air pres-
sure and the total pressure at the point of measurement.

D=4 S -2




2.1.4.

2.1.5‘

TEST CONDITIONS

Measuring is to be done h normal and stable operating condx-—
tions.

The temperature of the air entering the engine (ambient air)
is to be measured at a maximum distance of 0,15 m from the
air filter inlet or, if-there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermocouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions

to give a representative inlet temperature.

Once an cutput speed has been selected for measurement purpo-
ses, its value must not vary by more than + 1 % or # 10 r.p.m.
(whxchever of these limits is the higher) diring measurement.

 The readm_qs for brake load, fuel consumption and inlet air

temperature are to be taken simultaneously, the value recorded
beéing the average of two stabilized results, obtained in succes-
sion with brake load and fuel consumption differing bv less
than 2 %. )

When a device fitted with an automatic starting system is used
for measuring speed and fuel consumption, the duraticn of mea-
surement must be at least 30 seconds ; if the measuring device

is manually operated, the duration must be at least 60 seconds.

The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm from the flange (s) of the
exhaust manifold (s).

Lubricant temperature is to be measured at the inlet and ouilet
of the heat exchanger if there is one. Otherwise.it must be taxke:
preferably in the lubrication system. The measuring point wili
be specified in the test report.. '

Fuel temperature must be read at the fuel pump inlet.

Auxiliary power take-offs'may_be loaded and measured if desirc-

MEASUR EM ENT ACCURACY

- TORQUE

" The torque must be accurate wtthm +0,5% of the hiqhest
value recorded.

- OUTPUT SPEED ‘ | o
Measirement must be accurate to within _4_._ 0,5 %.

- FUEL CONSUMPTION . )
+1 % for all apparatus used.

-~




- TEMPERATURES
Intake air + 1°C.
- PRESSURE

Atmospheric pressure * 0.7 mbar
Air and gas pressure + SO mbar
Induction and exhaust pressure and depression + 0,250 mbar
Pressure of other fluids + 250 mbar .

.SECTION 2-2 - DEFINITION OF ENGINE

: Engines will be equipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equip-
ment at Annex A). .

SECTION 2-3 < PERFORMANCE TEST

The performance test maximum load curve will be plotted from
measurements taken at a minimum of five speed settings, one of these
settings being the rated speed.

For each setting, the encine should be run fer a sufficient tinie
. to allow the operating parameters tc stabilize.

Part-load data is to be recorded at the same pre-selected speeds

as was used for the full-load test. The part.loads for each speed peint
are to be calculated at least for 85 %, 70 %, 50 % and 25 % of the full
load at the given speed.

During this test, the smoke emission as measuted on the Robert
BOSCH Scale shall not exceed&=5. .

No correction factor will be applied and the test results must
include air temperature and atmospheric pressure.

The inlet temperature shall te maintained as close as possible
to 25°C.

SECTION 2-4 - ENDURANCE TEST

2.4.1, The endurance test duration is 400 hours, divided into four
periods of 100 hours each. At the completion of each period, -
the engine shall be submitted to a full-load performance -check.

During the endurance test, the inlet temperature will be kept
as near as pessible to 25° C or, when this is not practxcal
prevailing ambient,

D-6




2.4.2.

2.4.3.

z.‘.‘.

2.4.5.

2.4.6,

2.4.7.

2.4.8.

Normal mamtenance and adjustment will be permissible a.ftet
each 100 hour test period.

Engine oil and filters may be chanqed after each 100 hour
period. ,

The four 100 hour périods which make-up the endurance test
are to be carried out with the fuel and lubmcant defmed in
Chapter 3.

Each 100 hour period is to comprise ten 10 hour cycles. Each
10 hour cycle will be carried out in accordance with the pro—

; qranme (section 2.5).

Data will be recorded dur.inq the last five minutes of each of
the sub-cycles included in the basic 10-hour cycle, with the
exception of sub-cycles 3, 4, 7, 8, 10, 11,

-

No interruptions are permitted during any of the sub-cycles,
but the engine may be switched off on completion of any sub-
cycle,

One-hundred percent power {load) will be governed by maximum
fuel control setting, not adjusted to published maximum power.

e s e e mam e e eat e o e e e 4 A R
. B R i




SECTION 2-5 - PROGRAMME OF 10 HOUR CYCLE

Périod ‘Rated Speed % Rated Load % Duration (hours)
1 | idle (1) | Idle (1) _ 0,5
2 100 | 100 1
3.. 3521in ) ‘3 lrg?n : IOOA . ~ C ' " '
4 | . Stop A - ) 0,25 ‘
S 0 | 100 T
6 . Idlé | 1dle 1 0,5
AR T et
s |- Stop | | h 0,25
9 | 100 | | | .100 1
: | 10 Stop ‘ - 3 0,25
1 ;d;em.———-;,:?: ldle — %oo . ..2 | _ )
12 ldle e | "o_'.zs -
o ‘Teral . | 10 -

At least 5 times during each 100 hour peried, the enqme will be shut
. dewn for a minimum of § hours.

(1) Manufacturer’ s'pubhshed idle or as specified by vehicle installation.

R P o T LT
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ANNEX

A

-7 DETAILS OF PRODUCTION AUXILIARY EQUIPMENT

Inlet System

Air Filter System
Inlet Silencer

Optional

Exhaust System

Piping
Silencer
Exhaust Pipes

~

Test Bench Equipment

. Fuel Feed Pump

Optional

Fuel Injection Equipment

Prefilter
Filter

-

Yes, or test bench equipment

Electrical Equipment

-

If necessary




ANNEX B -

INFORMATION TO BE INCLUDED

IN TEST REPORT

A complete report covering all the tests, servicing, maintenance,

rectification of faults and the condition of the engine at the strip exami=-
nation including the measurements of the principal wearing parts will
be compiled.

1.

2.
3.
4.
S.

9.

10,

The report will alsc include the following :

A statement of the build standard of the engine, wtth drawings
and a parts list, ~~

Photographs of the engine from four different views.
Photographs of the test installation at least four different views.
A list of equipment fitted to the engine.

Sample test sheets and a summary with a list of faults and the
remedial action taken,

An engine condition repcrt at end of test with photogravhs of

the condition of major parts such as combustion chamber, com-
pressor wheels and diffusors, turbine wheels and nozzies, re-
duction gear with any other components of interest.

A history chart of lubricating 011 used during the endurance
tests.

Analysis of new and used lubricating cil, the latter to be taken
at approximately 100 hours intervals,

~

Fuel analysis.

- - . -

Any other relevant data. . T
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CHAPTER 1
PURPOSE AND APPLICABILITY

SECTION 1-1 - PURPOSE

The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the laboratories
of other NATO countries on the ‘basis of this method.

The method described below is independent of existing national
test methods, which may be used for supplementary testing. -

When an engine has met the requirements of the tests under the
present code, its power rating should be indicated as follows : "Power
rating .... Kw (... metric HP) at .... r.p.m., in accordance with NATO
code AEP 5. Edition June 1980"

SECTION 1-2 - APPLICABILITY

These test conditicns apply to all service vehicle (combat and
transpert) propulsion Diesel and gasoline engines.

-NOTE : Sl units will be used.

CHAPTER 2 -
TEST REQUIREMENTS

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1. Engine reception.
Running-in in accordance with manufacturer's instructions.
Performance test, complete (full and part loads).
Endurance test. '
Performance test, complete (full and part loads).
Disassembly, inspection and measurement. i
Report. R o S

NOTES : (1) Engine measurements may be carried out before running-in.

- {2) The manufacturer is responsible for defining the running-
in programme and the engine should have been run-in before
it is submitted fer testing. L.

D~13




(3) 1In so far as possible, the manufacturer's drawings and-
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) 1t is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check
acceptabdbility. .

(5) The initial, if accomplished, and final inspection of the
engine should be carried out by the same inspection team
using the same gauges.

' L -

2.1.2. During performance and durability testing, the following varia-
bles will be monitored : .

a - Main values"
Speed

Torque (engine output shaft)

o b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

¢ -~ Air and gases
Inlet air temperature
Induction or cylinder inle: depression
Inlet air flow (performance test only)
Air temperature and pressure in the inlet mamfold
Exhaust temperature
Exhaust back-pressure
Gas temperatures at points influencing fuel control (1f re-
quired)

d = Lubrication and cooling -
0Oil temperatures and pressures
Temperatures into and out of external coolers
y . Flow rates of fluids to cooling devices external to the engine
' (for heat rejection calculations)
: 0il consumption (during endurance tests only)

e ~ Fuel
Fuel temperature
Fuel consumption

f - Miscellaneous
Blow~by
Smoke density

—_— 2.1.3.  Regulated parameters

Cutlet lxqmd coolant temperatures : T o
96°C + 3°C S
. Induction depression at rated power : . -
h 2% 5 |.mbar

Exhaust back pressure at rated power :
40 mbar + 5

Fuel temperature at injection pump inlet :
30°C + 3°C ‘
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2.1.4.

2.1.5.

TEST CONDITIONS ’
Measuring is to be done in normal and stable operating condi-

tiens.

The temperature of the air entering the engine (ambient air)

is to be measured at a maximum distance of 0,15 m frem the
air filter inlet or, if there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermccouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions
to give a representative inlet temperature.

Once an output speed has been selected for measurement. purpo-
ses, its value must not vary by mere than + 1 % or + 10 r.p.m.
(whichever of these limits is the higher) diring measurement. .

The readings for brake load fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded

-being the average of two stabilized results, obtained in succes-

sion with brake load and fuel consumption differing by less
than 2 %. o

When a device fitted with an automatic starting system is used
for measuring speed and consumption, the duration of measure-
ment must be at least 30 seconds ; if the measuring device is
manually operated, the duration must be at least 60 seconds.

' The exhaust gas outlet temperature must be measured at a point

downstream and less than 100 mm from the flange (s) of the
exhaust manifold (s).

‘Lubricant temperature is to be measured at the inlet and outlet

of the heat exchanger if there is one. Otherwise it must be take
preferably in the lubrication system, or, failing this, in the
crank case. The measuring point will be specified in the test
report.

Fuel temperature must be read at the injection pump iniet, or
carburettor inlet. :

Cooling condition for air cooled engine will be in accordance

- with manufacturers specification.

Auxiliary power take-offs may be loaded and mesured if desired

MEASUREMENT ACCURACY

- TORQUE

The torque must be accurate within + 0,5 % of the highest
value to be measured.

- OUTPUT SPEED
Measurement must be accurate to within + 0,5 %.

- FUEL CONSUMPTION
+ 1% for all ap“aratus used.
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-~ TEMPERATURES
Intake air + 1°C,

= PRESSURE

Atmospheric pressure + 0.7 mbar )

Air and gas pressure + 50 mbar ‘ -
Induction and exhaust pressure and depression + 0,250 mbar
Pressure of other fluids + 250 mbar '

SECTION - 2-2 - DEFINITION OF ENGINE

Engines will be equipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equxp-
ment at Annex A).

SECTION 2-3 - PERFORMANCE TEST .

The performance test maximum load curve will be plottad from
measurements taken at a minimum of five speed settings, the fifth setting
being the rated speed.

- For each setting, the engine should be run for a sufficient time
to allow the operating parameters to stabilize,

Part-load data is to be recorded at the same pre-selected speed
as was used for the full-load test. The part loads for each speed point
are to be calculated at least for 85 % S5 70 %, 50 % and 25 % of the full
load at the given speed.

During this test, the smoke emission as measured on the Robert
BOSCH Scale (or equivalent) shall not exceed &.5.

No correction factor will be applied and the test results must
include air temperature and atmospheric pressure.

The inlet air temperature shall be maintained as close as possi-
ble to 25°C,

SECTION 2-4 -~ ENDURANCE TEST

2.4.1. The endurance test duration is 400 hours, divided inte four
©  periods of 100 hours each. At the completion of each period,
the engine shail be submitted to a full-load performance check.
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2.4.2.

© 2.4.3.

2.4.4.

2.4.5.

2.4.6.
2.4.7.

2.4.8.

2.4.9.

Normal maintenance and édjust:hent will be permissible after
each 100 hour test period. .

Engine oil and filters shall be changed after each 100 hour
period. _ .-

The coolant outlet temperature is to be held at 96°C +3°Cor
& higher temperature if proposed by the manufacturer. The

*. coolant is to be water plus antifreeze in egal volume.

The engine oil temperature is to be measured in the lubrication
system. The temperature measurement location shall be specified.

The four 100 hour periods which make up the endurance test
are to be carried out with the reference fuel defined in Chap-
ter 3. ’ - .

Each 100 hour period is to comprise ten 10 hour cycles. Each
10 hour cycle will be carried out in accordance with the pro-
gramme (section 2-5).

Data will be recorded during the last five minutes of each of
the sub-cycles included in the basic 10 hours cycle, with the

exception of sub-cycle 5.

No interruptions are permitted during any of the sub-cycles,
but the engine may be switched off on completion of any sub-

cycle.




.

SECTION 2-5 = PROGR AMME OF 10 HOUR CYCLE

Suﬁ Cycle % Rated Speed % Load (3) | Duration in hours
1 IDLE o .
2 106 . 100 2 . |
3 governed speed (1) 0 L 4
4 ! 75 100 1
5 IDLE s 100 0«—100 2
- 4 MIN 6 MIN
6 60 100 - i
7 IDLE 0 {
8 gcverﬁed speed (2){. 70 (3) I
9 Max torque speed 100 .2
10 60 50 (3) 3
Total 10
-NOTES :

(1) The speed shall be that attamed with the engine at full
throttle and with minimum load (residual brake load).

(2) The speed shall be the ste’dy speed of the enqme at full
throttle and 70 % load.,

(3) Part leads (70 aad S0 %) shall be taken from the m1t1a1 per-
formance test.
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CHAPTER 3~

FUELS AND LUBRICANTS AND ANTIFREEZES

301 Engines are to be tested on Reference Fuels and Lubricants
and antifreezes as specified by the relevant NATO Authority.

CHAPTER 4 .
DEFINITION OF TEST FAILURE
401 A major failure is a failure of any part or component of the

engine assemoly that leads to a final stoppage of the test or
that brings about as loss of power which cannot be rectified
to give at least 95 % of rated power.

Any major failure will lead to termination of the test and any
retest must start at 0 hour.

: Major failures and corrective action are to be reported to the
proper Naticnal Authority.

402 A minor failure.is a defsct which leads to a loss of power or
degradation of the operation of the engine and which it is possi-
ble to remedy within the scope of normal maintenance and ad-

_ Justment. If 95 % of the rated power cannot be obtaired after
normal maintenance then the test will be terminated. The minor
failures and the measures taken to overcome them inust be in-
cluded in the report.

-403 The suitability of an engine for NATO AEPS Approval is to be
the responsibility of the National Authorities after completion
of the 400 hours test and consideration of the final condltlon
of the engine.



‘ANNPXH A |

DETAILS OF PRCDUCTION AUXILIARY EQUIPMENT

(To be included as applicable)

Inlet system , ’ e
Inlet mani'fOId eeseeere00000000eRVRn O
Ait f‘lter ...Q‘Q.ﬂ.......l.l'.'..’l.

Inlet silencer --0000;9000;000000000
‘Blowby gas recirculation intake ...

Yes .o o

Optionaj

Exhaust system
Manifold .........'....................
Piping eoecececrsoncccacecrcceosasass
_Silencer cccicesacrccnsessscccscsssnne

EXhaust pipes seccsosneesbesesPOREBROIOYS

Yes

Test bewch equipment

Fuel feed pump l....l.‘0......'.....'...'.-.

Yes

ca.l'burettor ......OQ........ll‘;.‘..l"..‘,.‘.

Yes (datajls of ad-
Justment will e specified)

Ignition system
Disttibutcr $00000800000000000sOBE0ORsOSS
Spal‘k-plugs .t-ooo-..o.o'o-oo--;o---o-

COilS 20 0600680000000 05000080008000080000

suppressor 0900000000000 0808PPOPIOIILITS

Yes
Yes
Yes
Yes

Fuel injection equipment ]
Prefiltet'.lO.....O.C..OO............. }

Filter A RN E R NN EN YRR EN NI NNR NN ENE XN NREY I

Pump (AR AR AN NENENEL RN NEEN AN NNNYE RN NN N)

High-ptessure pipes S0s0snsssvsnsvsves

INTECLOr cevascssosssvocsscsosacsnsann-

Yes of test bench
equipmey,

Yes '

Yes D-21 "
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Ltq{xid cc;oling equipment

Fan 2000 0320080090900 090302030C€02300803

Radiator ..nlﬂ..@D.O.lo‘....ﬂﬂ.ﬂ.o.'l.}

watet pump 00 32@000 08 CO0B000R0QSSEOIRIBD

Thel‘mostat 83 00 0806800800003 0000000 0

- No

Yes
Yes

Air cooling equipment .
Streamlining 00 0208290060008 0000020600000

Blower 00 08B0 0080000008 SGI0CGSOCSISRSIEOESE

Temperature regulating device .cceesoo

Yes
Yes

Yes

Electrical equipment c.cecosoecsscssscccccss

" 1f necessary

Supercharging equipment

Compressor driven directly or
indirectly by the engine and/or
exhaust gas ® 0 00O S®SOOBOPDAGOSSOBOIOSEDSSO

Charge cooler ....cecovcsceccscscesccn
- Cooling pump or fan .c.oecscsscscesas
' (engine driven) .

' - Device for regulating fiow of
Coolinq fluid ee9s06e08000008000000008000

Yes
Yes
Yes

Yes
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ANNEX B

INFORMATION TO BE INCLUDED

IN TEST REPORT

A complete report covering all the tests, servicing, maintenance,

rectificanon of faults and the condition of the engine at the strip exami=-
nation including the measurements of the principal weannq parts will

1.

2.

-3,

4.

5.

6.

‘7.

8.

9.
10.

. at-approximately 100 hours mtetvals.

- Any other relevant data.

be compiled.

The report will also include the following

A statement of the build standard of the enqme. with drawings
and a parts list. :

Photographs of the engine from four different views.

Photographs of the test installation at least four different views.
A list of equipment fitted to the engine.

Sample test sheets and a summary with a list of faults and the
remedial action taken.

l-‘udu load performance clata will be show in the format indica-
ted, :

An engine condition report at end of test with photo:raphs of
the condition of major parts such as pistons, bearings, valves,

. camshafts, crankshafts, cy.xnde. bores toqether wuh any cther

components of interest.

A history chart of lubricating oil used during the endurance
tests.
Analysis of new and used lubncatmq oil, the latter to be taken

Fuel analysis.
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_ DEFINITION OF SHORTS

ambient {temperature
ambient pressure
engine speed
engihe torque
output power

. pme/'bmep: brake mean effective pressure
« Cs/bsfc 1 specific . fuel consumption

« Qe
o Qm
. t8
« PE
. te
o 'ts

s volume of fuel per injection
$ mass fuel flow per hour

s 0il temperature
t 0il pressure

¢ coolant.temperature into engine
s coolant temperature out of engine

o 1 $ air temperature after
£ilter (or cozpressor inlet)

e 30 « p1 g inlet depression

o 2 s compressor discharge tempera-
. tare )

. P2 8 compressor discerse pressure

« t2'  sair temperature after charge
coolex .

o p2 ~=p2's pressure of across charge

S cooler

e t3 . 3 exhaust gaz temperature
(tuxbine inlet)

. 73 t exhaust gaz pressure
(turbine inlet)

.« t4 ¢ turbine discharge tercpereture

e p4 =p0 s Exhaust back pressure

t0 4p0
t1 | o
p1 » 1;7 ‘
sV % NN
F | [ " ENGINE |
1 J /U
b p3
p4 “
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APPENDIX E

LUBE OIL SPECTROGRAPHIC ANALYSIS
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- OIL ANALYSIS REQUEST

KEYPUNCH

A

#4 | DRSTA-RGRD Mr. R. Rimpela
Warren,

EQUIPMLMT MODEL . -
EURMDSE PR -003 Engine

CODE
1 IL ANALYSISLAS Neyw Cumberland STSGP-PE | '?
y&f'o“ CoMMAND TACOM, Warren, MI 48090 | *
0 OFPERATING ACTIVITY (Inciude ZIP Code/APO) DODAAD 510

Michigan 480890 AVN: = 11

11-14

EQUIPMENT SER. HO. 15.20
END ITEM MODEL/HULL NO.
ENB ITEM SER. NO.JEIC
DATE SAMPLE TAKEN (IMy, Mo, ¥r) LOCAL TIME SAMPLE 2126
TAKEN
HOURNS/MYL ss SINCE mmun. 25-29
ﬁ% Hour ﬁﬁﬁ Te 0

NOUPS'M!LF.:a SMNCE OIL CHAMNCGE - 30-13
REASON FOR SAMPLE (ae yast orHeR  — 3¢

{J mourine O nzauesy 0 cern O} (specify? e e
1L ADUF.D SINCE LAST SAMPLE (Prs, Qrs, Gals) ey 866

foiscrer aNT ITE

nCTION: TAKENS E

HOW FOUND

. S
0O LAB REQUEST O AR OR GROUND CREW

s HOW TAKEN

iinr NATO 400 hour tests.

SAMPLE TEMPERATURE ‘TYPE OIL

‘& uov 1 coro lL °“’

1 oxain ) Tuse

2Cha)

nemarks Oil sampie spectrographic analysis is required
Sampies will be taken every

¢5 hours, Complets oil change after every 100 hours
of endurance. e o
FOR LABE USE ONLY )
SAMPLE RESPONSF TIME 3940
SE 41-4) iAG A4-461 AL 47-491CN SD-52 CU $3.5% MG 56-58 Nt 59-61
ol © [4 ¢ 809
PO g2-84 ) Si ;-‘7 SNJOIJD Ti 7%.73 | MO 74-76
LAR RECOMMENDATION 77-7%
DAYA SFQ
80

SAMPLE NO, mﬂk"uﬂt FILE MAINRT
' 4‘liil§- : ”

DD, (8V'y7 2026 PREV&OU. EDITION WiLL BE USED

’ !"‘ ‘ Bl
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OIL ANALYSIS REQUEST KEYPUNCH

TO jOILANALYSISLAS Ney Cumberland STSGP-PE |2

F | MAioRcOMMAND TACOM, Warren, MI 48090 | 4

g OPERATING ACTIVITY (Include ZIP Code/APO) DBODAAD 510

m | DRSTA-RGRD Mr. R. Rimpela - X

Warren, Michigan 48000 AVH: 786-3508

AV N ORS 4ME-903 Engine v
EQUIPMENT SER. HO. 15-20

EMDITEM MODEL/HULL NO.

END ITEM SER. NO.JEIC

)

DATE SAMPLE TAREN (Iny, Mo., Vr) LOCAL TIME SAMPLE  * {z2y.24
TAKEM
HOURS,/MILES SINCE OVERHAUL 25-29
530 sH'our' ?IA’EPO est -
HOURS/MILES SINCE OlL CHANGE & 30-33
REASON FOR SAMPLE _ae . p— oTyea = 134
T mourine ) mecuvesy O croy O tipecfy) 20 13

———— " - -
OiL ADDED SINCE LAST SAMPLE (Prs, @rs.Ysals) 1 1:7'
Cal AN AT

ACTION TAKEN)

v
DISTRCEANT ITEM/ //

HOW MALFUNCTIONED » ‘ oesn

!
!
!

HOW FLUND

0 LAB REQUEST 0 AIR OR GROWUND CREW Y
~HOW TAKEN SAMBLE TEMPCRATURE TY®E Oit. 33, J
0 oman [ Tust ‘B nor 0 cowo /‘-'?” ¢ 3‘ :

remanxs Ol]l sampie spectrographic analysis is requireé:
for NATO 400 hour tests. Samples will be taken every
25 hours. Complete oil change after every 100 hours

of endurance. o S -
FOR LAB USEE ONLY LT
SAM®LE RESPONSE TIME ' 3940
FE a1-43]aG adacjaL «7-4%|Ccn 30-52JCU 53.85 [ MG 5658 Nt 59-81

410 10 {7 § |ga2 | 2

P8 §2-64 § St €387 | SH 8870 TI 7V.73 { MO 74.78

vl e e T

LAS RECOMMENDATION : 77-78
SAMPLE NO, SIGNATURE FILE MAINT OATA 3EQ
79 80

DDy NSV 77 2026 PREVIOUS EDITION WILL BE USED

Rl 3

»

[
!




KEYPUNCH

Ol ANALYSIS REQUEST CODE
TO jOIL ANALVSISLAB Moy Cumberland STSGP-PE | '
g |MAJORCOMMAND TACOM, Warren, MI 48050 { 4
g JRPERATING ACTIVITY (includs ZIP Codr/APO) DPOLAAD 510
m | DRSTA~RGRD Mr. R. Rimpela
Warren, Michigan 48090 AVN: 786-05.3
FQUIPAM. NY MODEL . 11-14
LURMPRS Ph-903 Engine
EQUIPMENT SER. MNO. 15-20
END ITEM MODEL/HULL NO.
ENDITYE.M SER. NO.JEIC
CATE SAMPLE TAKEN (luy, Ao, ¥?) LOCAL TIME SAMPLE 2124
. TAKEN
HOURS/ ES SINCE OVERMAUL 25-2%
Foo Hour: RATO Test
HOURS/MILES SINCE DIL CHANGE ': 30-33
| +ZASON FOR SAMPLE LA TesY oTHLn T Jaa,
0 mouriie {5 meauesy O eren g vpeafy) = it

'L ADDFD SINCE LAST SAMPLE (prs, (s, Gals)

o L vuide
1= 5

g e o

DMSCREFANT PDE

(] LAB REQUEST

————
HOW Mal FYNCHIO
HOW FOUND ~No

O AIR OR GROUND CREW

0] onain 3 ruse * HOT

HOW TAKEN . SAMPLE TEMPERATURE

0 cowo J”;Z‘:E 7 / "Té?a ey,

for NATO 400 hour tests.
25 hours.
of endurance.

Revanks Uil sample spectrographic analysis is require

Complete oil change ;{pgr

Samples will be taken every

2zl /

every 100 hours

.- . , ;-
FOR LAR USE ONLY /7
SAMPLE RESFONSE TIME 3940
FE 41-43)rG 4446] aL 47-49{ch 30.52{CU 353.38 | MG 5658 Nt $9.61
O O /0 (4 g1 2
FB 82-64 § S! €5-67 | SN 83-70f TV 71.73 Moo7t.7s
LAB RECOMMENDATION 77-7%
SAMPLE NO. SIGNATURE FILE MAINT DATA SEQ
. 79 0

DD , §5%'77 2026 PREVIOUS EDITION WiLL BE USED
-

- /. ' i

E-4



OIL ANALYSIS REQUEST

KEYPUNCH

CGDE
TO |@IL ANALYSISLAB Ney Cumberland STSGP-PE |'?
g |MAsoRCOMMAND TACOM, Warren, MI 48090 |
R
O [OPERATING ACTIVITY [includr ZII' Code/AP(Y) IDAAD s-10
m | DBSTA-RGRD Mr. R. Rimpeia _

Warren, Michigan 48060 AVN: 786-85%58
EQUIPMENT MODELLARL . t1-14
4 DTS M -003 Engine
EQUIPMENT SCR. MO, 18.20
END ITEM MODES SHULL NO.

END ITEM SER, NO/EIC
‘| DATE SAMPLE TAKEN (luy, Mo, Vr) LOCAL TIME SAMPLE 2124
. TAREN .
MOURS/MLES RINCE QVERHAUL 2%-79

EG0 e BRSO Yest
MOURS/MILES SINCE OIL. CHANGE 3033
BPALON TON SAMPLE LA® . sy OTHER 34

{3 mourine 0 mravesy "B erin ) ispearfy?

Jr on—

{escng A

OIL ADDFD SINCE LAST AMPLEL IR O Lut)s)
Ao TION ] }

HOW MALFUNCTIONED

HOW rOUND
7 LAD REQUEST

Q) #19 OR GROUND CREW

TYPE OIL

Vh-2/0

SAMPLE TEMPERATURE
HOT 1 cevo

HOW TAVEN
] omarn O Tuse

L4

(2541)

for NATO 400 hour tests,
25 hours. Complete oil chan

remanrws Oil sample spectrographic analysis is require
Samples will be taken every
ge after every 100 hours

SAMP!i NO,

of encurance. : Z37 /7.
FOR LAB USE ONLY ~— 7~

SAMPLE RESPONSE TIME 3240

FE 41.43]7AC 4446] AL 4749 CR 90-32iCU 81.3% | MG s§ss N 2e.61t

‘?8 $2-64 3 SI 8567 ! SN $9-79% 71 73-73 I MO 74.7%

£0 | S O O
LAQ RECOMMENDATION 77-78
SIGNATURE PILE MAINT OATA SEQ

. 7% : 20

DD, (39'77 2026. PREVIOUS EDITION WILL BE USED
*

. -
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o . KEYPUNCIH
Q1L ANALYSIS REQUEST X
_ _ CODE
- TO (L ANALYRISLAB Ney Cumberland STSGE-FE | '
g |MAIORCOMMANDG TACCH, Warren, MT 43000 |
R
O {ATEHAYING ACTIVIVY (include ZIP Codr/APO) DODAAD 510
m | DSTA-EKGEDR Mr. R, Rimpela
Warran, M.ochizan 48000 AVN: T7RAE-81;23
CEQUIPMeNT MOSTL .1 - 19-54
Chndiinst AMR-903 Engine T
vquvv;n MTGES T 18.20
LA 2
£UD. n_g MODLTIHULL NO,
o R A EM SER B Iy
AT S ALAE ... B tIny, Mo, ¥r) LOCAL TIME SAMPLE 21-24
PA‘&&G:&% T " Yy, Mo, kT TAKEN
HOURS £] BINCE OVE I!Hhu 2%-2%
L00 ti"uur' NATC st ’
HOURS/MILES SINCE CIL CHANGE . g__ !0_‘3?
PEASON FOR SAMOLE Ly Tes N LS
1 X0 TINE ) ezavesy 3 ecen 0 \peegfy) AN 1.'_:
1 o AODED SINZE LAST SAMPLE (Prs, Q11 Galt) R
«wm--W£E - : -
Pt TS '
SN 47 A2b. S AruRS IF
MO MALF\'NéOON(ﬂ'c .
HOW FOuUND
0 LAB RFQUEST Q AR OR GROUND CREW

HOW TAREN

01 owain QO Tuor

Sy ML aobdiwd)

nemanre Qil &
For NATO 40
25 hours,

of endurance,

sanpl.e apectrugrunhlr analysis is requirefi
0 hour tests. USamples will be taken every
Complete oil Phgnfv after every 100 hours

FOR LAR USE ONLY

SAMFLE RESPONSE TIME

z: o 3940

vE av-43jaG ssuasiarL areslca so-s2

2L 1 _O.

CU 8353 | 1AG 5653 My 39-61

| &6 (poo | 3

4

P8 82-84 J 51 8347} IN 88.70) T4

o Q

LAS RECOMMENDATION 1778
SAMPLE NO, ' SIGRATURE FILE MAINT .D:TA sEQ
. - 79
FORMN , )
DD 4 xOv 77 2€26. PREVIOUS EDITION WILL BE USED
- .
1~ . . : .




s

v KEYPUNCH
OlL ANALYSIS REQUEST CODE
TO J Ol AHALYSISLAR [ Cumberland STSGP-PE 1-3
F | MAIORCOMMAND  TACOHM, Warren, MI 48090 ¢
R
O |OFPERATING ACTIVITY (Includr ZIP Cade/APO) DODAAD 510
m | PRSTA-RGRD Mr., R. Rimpela
Warren, Michizan 48090 AVN: 786=85283
EQUIPAMENT voucuw - b 1914
tu umining ¥18-903 Engine ol
eau:’éisgf"fwmf 15.70
ENRATEN MGOCLZHULL NO.
D EM SERLNOVEIC
FALLSAMPLE TAKLNS (Tuy, Ato.. ¥r) LOCAL TIML SAMPLE 21.24
ihﬁlké.mLL_._.~uJ y r TAKEN
MOURL/PSILES SINCE VE nHI\UL 25-29
L0 Houe ﬂ } Test
HOURS/MILES 3itCT OIL. CHANGE , 30-33
ATASON FOR SAMPLE 4 a0 rasy ornEm 1. " 34
0O mourine ) 0 eravrsy 0O cre g:_‘”'f!’-!’ [ ) ‘- =
UL ADDED SINCE LAST SAMPLE (Prs, Qre, tials) R B
_ i o

ACTION TAKCN R

= o~ s

W'W "7 250 Hes a/—* 5
RN AN E

-/‘f“r —

MOW FOUND
1 LAB REQULST

0O AR OR GROUND CREW

HOW TAKEN
] oramn 3 Tume

SAMPLE TEMPERATUIE
"ot 0 colo

(071 Landt? 300

for NATO 4C0 hour tests.
L.J hours
of enduranCP.

nemanxs Oil sample spectrowraphlf aralysis is requlpnr)

Samples will be taken every
Complete 0il change aufter every 100 hours

FOR AR USE ONLY

SAMPLE RESPCHSE TIME zes /‘?‘7 - 39.40
FE AV-41]AG 444¢ Al;747-4’_ cR 30-32 CU;:-SS M}?SI Nt 53-8
O /
-:{Zn sojs-u CIMTED) ETRETET H:;u-n T
o o
LA/Q/RECOMMENDA‘NON 7778
sm.mi 6 0 incaA'ruaz ;‘;s..s M'AINT I.D:TA sea

DO , 3v'27 2028 . PREVIOUS EDITION WILL BE USED
.
e .



KEYPUNCH

OlL ANALYSIS REQUEST CODE
TO Joil ANALYSISLAB Neyw Cumberiand STSGP-PE {'?
| MAIORCOMMAND  TACOM, Warren, MI 48060 4
g OPERATING ACTIVITY uncludc.z:!' Cude/APO)) iXHNIAAD 510
m | DESTA<RGRD Mr. R. Rinpela
Warren, Michican A%OQO AVN: 7858528
EQUIPMENT MODCL PR 1"-*4
CumiPns 4Mh-903 Engine -
cumrufvu'r,aza CLE ‘ts-20
- g 5
END ITEM MODEL/HULL NO,
&HL’J«T-& 5,5."~,.!59421C
[ DATE SAMPLE TAREN: (/ny, Ma., ¥r) LOCAL TIME SAMPLE 21-24
LR Pl Tg > e TAKEN
nounS/ 1LES BINGE OVERHAUL 25-2%
L5W Hour NATO Test
* ; uoun../mu_u IMCE CIL CHANGE 35-33
ﬁr.b
,f" RTASON FOR SAMPLE Lap TRt OTHER o s,
‘ (] nevrine 0 mravssy O eny Q opecfy) L. [
{ | O ADDRD SINCE LAST SAMPLE (Prs, (rs, Gals) wEoes s
: < [N®) -

-t

TSEMPLE ]1 e
PPN AT 27E m
JEFENDURANCE ..

HOW FOUND

. O AR REGQUEST 0 AIR ON GROUND CREW .
HOW TAKEN SAMPLE TEMPERATURE TYPE OIL é
] onan ' ruse 'kuov 0O cour - F .

nemanns Oil sample spe gtro&raphlc ana1y51s is “require:
foi' NATO 4CC hour tesis. Samples will be Saken every
45 hours. Complcte oil change after every 100 hours

of endurance.

FOR LAB USE ONLY

SAMPLE RESPONSE TIME o I.i__,
’ /3

3240

FE 41.431AGC 4446] AL 4749 ICR 30-32|CU 853.33 | MG §5-38 Ni 59.61
o | ¥ |z /01638

_;8 2.8 .Sl 83-87 ¢ SN 8870 TV 7173 MO r14.76

Mzl £ V2 O 14

LAB RECOMMENDATION 77.78
SAMPLE NO., SIGNATURE FILE MAINT .D:TA SEQ
. 79 .
: 0D 4 OV 77\.!’026. PREVIOUS EDITION WiLL BE USED
‘a
X BN . )

E-9




. - KEYPUNCH
OiL ANALYSIS REQUEST CODE
TO § 0L 2HALYSISLAB oy Cumberland ST3GP-PE 1-3
g |MAURCOVMAND  TACOM, Warren, MI 48090 | ¢
it
(» JOFERATING ALTIVITY {nclude ZIP Code/APO) IIDAAD 5-10
m | DHSTA-RCGRD Mro R, Rimpela
Warren, Michican 43000 fUH: 785-85°8
LQUIPLES NTY 14D0OT 1 (0 11-14
Camii 5 4 h-903 Engine =
:-uuu‘r_)-.‘;ﬂg::.gg,.gg.;_ 13.20
p oo oo e
:.ap*.e.!mtee?_zywu Ho.
| ¥ e g'&_i‘;ﬁ na/rlc
p‘A'Y!:"%ﬁﬁﬁfﬁ“ﬂ\if{i{iﬂlh:v‘ Mo Vo) | LOUAL TINKE SAMPLE 2124
_‘ - i
ur\uﬂxlf ILES LINCC OVERHAUL 2%-29
“ f‘ur NATO Tegt
HOCUANMILES SINCE Ot CHANGE 30-33
REALII FOR SAMPLF LAS . cest OTHCR ¢ I
) mouyTine () avoursy Oeert. - Qpeafyr. -7 -
Ot ADTFD SINCE LAST SAMFLE (pPrs, Qrs, Gals) N
3 T ~o =
R .
o
0 LAB REQUEST ) AR OR GROUND CREW P
HOVI TAKERN SAMPLE TEMPERATURE TYPE O} 323
3 omam [ ruer ‘ HOT O cowo L A h ﬂ

nemanws OLl sumple spectrographic analysis is require
tnr NATO 400 hour tests. Samples will be taken every
25 novwes.  Complete oil change at'ter every 100 hours
ol endurance.

FOR LARUSE ONLY
SAMKLE RESPONSE TIME ~ 4 - 3340

—

-t

EE a41-43]nC A 4c) AL 4T4%iCR 30-32]CU $3.53 | MG 8658 NI 39.6¢

2 1 O ¥ |\ /3 | £72

PB €2-6% ] 31 £3.67 1 SN €8-70] TI 71-73 | MO 74.7¢

LAB RECOMMENDATION 17-78

SAMPLE NO SIGNATURE FILE MAINT DATA SEQ
. ! ’ 79 (1]

DD , 183"%7 2026 PREVIOUS EDITION WiLL BE USED
&

l.

E-10



ETO O80 200 000 QDO QOO Y ,. T QOO0 Qo) LO0 OLO £00G £00 Q0L 900 .w.;.ﬂﬂ OO GO0 OO0 TEO
NZ .) CZ ZZ : v qHOIL NS T Hed TN UM QW N MDD ET W OV :

QOO
MOS0 _q?;cuk

V\)\ V\ﬁ =

tLTIE TOTO Q5N NI
LT MM G a0 HalA) 00

L80rn

SEO £10 £00 000 000 Q00 LET 000 200 £00 TLO £00 £LOO0 Ghs 200 Z00 000 00 000 4
NZ. A OW MWD WE H DL NS IS A IN N OW N0 M0
SeH 08¢ Ly
NaYks ol TUWYS

QLS 0000 e LT 0010
[ Aot JOSO HOSO LTENOML EHL0 MIEEON

ON 5

&0 OO £00 000 000 000 050 000 000 FOO HEO £00 OO 008 £10 TIO 000 00 000 i
N AW N DD vy g OTL NS I8 fd IN OWN OW N3O M 3 IR W

oy wE L MWL Q0F 0000 €8 bLIE 6600 £OSLA :
Y ZTTIWYS Tes 080 HOSO LTSNOML ALV MHEWON MIS 0D BAAL ANOD

Zarin

LT0 ¢TI0 YOO 000 000 GOO &&&0 000 &T0 00 L10 £00 00 8£9 0TO 0TO 000 #00 000 90
N A OKW N T W g 1L NS OIS m...”_ IN N Ol N MO eoav o

SIS UL L¥ NIYHL 4 QLE QOO0 £E vLIE 8600 £08VIN O
AT WpS s D080 HOSO LTSNUML ST MASWN MAS WD HdAL 00

z8ran

E-11




HKEYPUNCH
OIL ANALYSIS REQUEST A
YO |ntANALYSISLAS Moy Cumberland STSGP-PE | '?
g |MAJORCOMMAND TACOM, Warren s, MI 48090 4
4]
0O OPERATING ACTIVYY (include ZIP Code/APO) DODAAD 5-10
m | DRSTA-RGRD Mr. R. Rimpela
Varren, Michican 43090 AYN: 78A-8528
EUUIFMALNT MODTL4A, " . ' 1114
CUmiIins fk-)Q; iLine .
EQUIPMENT SER., MO, 13-20
END ITEM MODEL/HULL N3,
EN ITEM SER, NO/LIC
~l:umr SAMPLE TAKEN (IMy, Ma., Vr) LOCAL TiME SM"’LE 21-24
TAKEN
10U ASH L S INEE GVERITAUL 25 29
/'/0 Hour NATO Test ) e
MOURS /! E5 SIMCE OIL CHANGE AR 30.33
REASON FOIt SAMPLE ( an resT oTHER 34
1! mouTise ) seqguesy 3 ern Q tspecify!
ML ACULFD SINCE LAST SAMPLE prg, (H; Coals) 35.3¢
ACT ON TAKEN > E ééz 5: g[[
n: ae R' EANT ITEWM
3 %%Mm
HOW MALFUNCTIOND . .
HOW TOUND
G LAB REQUEST O AR OR GROUND CREW |
HOW TAKEN SANPLE TEMFERATURE TYPE OIL 37.30
01 naain J ruee ‘0 wor 0 cmo i

for NATQO 40
25 hours,

nemanns Oil cample spectxouraphAu analy is is requirci

of endurance.

0 hour test Samples will be taken every
Complete 011 change after every 100 hours

FOR LABUSE ONLY

f.
SAMPLE RESPONSE TIME /?5? s 3340
er 31.43IAG 44-45] At 4T 49:CR 30-52 jCU 8513.5% MG 58-38 NI 5388
(o) (@) g | 3
re #2.64 51 $5-87] SN ee8.70|Ti 7173 MO 74.7%
LAL RECOMMENDATION 7778
SAMS) € 12| bb SIGNATURE FILE MAINT DATA SEG
. . 7 80

DO | NS3%; 2026 PREVIOUS EDITION WiLL BE USED

.



: KEYPUNCH
OIL ANALYSIS REQUEST CODE |

TO | GiL ANALYSISLAB Neyw Cumberland STSGP-FE | '

F | MAIORCOMMAND TACOM | Warren, MI 48090 | *
() OPERAT NG ACTIVITY (Irclude ZIP Code/APD) DODAAD 5.10
ta 1 DUSTA-RCGRD Mr., R. Rimpela

\arren. Michigan 48090 AVN: 786-8528

EQUIPMENT MODCTL L .
N RS AMh-902 Enzine

11.°4

EQUIPIFENT SER. MO, 1320
END (TEM MODCL/MHULL NO,
END ITEM SER, NOJEIC
CATE SAMPLE TAKEN (Iuy, Mo, ¥r) § LOCAL TIME SAMPLE 21-24
- . TAKEN
NOURAS/MILES SINCE OVE RHAUL 25-29
SO0 Hour NATU Test
HOURS/HAILES SINCE OIL LMANGE 3033
RETAS0 FOR SAMPLE (ae reav oTHER 34
] sourire ) mgavesy Y crn O (Specrfy?
OIL ADDED SINCE LASTY SAMPLE (Pis, s, Gals) 35-38
o 4 2.4 / )

ACTION TAKEN

DISCREFANT IYV

MOW MALFUNCT)

.

HOW FOUND , ) N
O LAB REQUEST [) AIR O® GROUND CREW

HOW TAKEN SAMPLE YEMPiﬂA‘HlﬁE TYPE OIL 11,-3l~
{1 onan O vuse ‘0 wor 0O coun - | :
nemanks Uil sumple spectrosraphic analysis-is requireg
for NATO 400 hour tests, Samples will be taken every

25 hours. Complete oil change after eyery 100 hours
of endurance. M 4
CFOR LAB USE ONLY

SAMPLE NESPONSE TIME 3940
FE 41.43AC 48-46] AL 478812~ 30.52{CU $3.33 | MC 86-58 NE $9.61
sz 1O 1| 3 g ? 225 _
PO 8264 | St &S.R7[ SN s8-70fTt 71.23 |MO 7476
/7 135 le S
A8 RECOMMENDATION ‘ 77-78
. 1=

-7, > N .
SAMPLE NO. SIGNATURE FILE MAINT DATA SEQ
. 79 80

0D , 193%; 2026 PREVIOUS EDITION WILL BE USED
‘e

-

SR

E-13




. ) KEYPUNCH
i OlL ANALYSIS REQUEST KEYPUN
fj O'c ANALYSISLAS Ney Cumberland STSGP-PE | '?
‘: Bl mason commano TACOM, Warren, MI 48090 | 4
(j CPYRATING ACTIVITY (Include ZIP Cade/APO) DDAAD 310
DRSTA«-RGRD Hr. R. Rimpela
M ;
Warren, Michizan 48000 AV]i: 786-8528
EQUIPLIANT MOIDCLLAN - . 11-14
urinsAMh-903 Engine
EQUIPRMENTY SER. MG, 15-20
ENDITEN MODEL/HULL HO,
TND IVEM SER, NOJEIC
DATE SAMPLE TAKEN (Iuy, Ao, Yri LOCAL TIME SAMPLE 21-24
’ TAKEN
HOURAT/HANLES SINCE OVERHAUL 25-29
EEOT OO RAT0 Yest
MOURS/MILES SINCE OIL CHANGE 30-33
APALSON FOR SAMPLE a9 rasr oTHER . ‘34
O wourine 0O meauesy 0 eren ] (specify! - o
OIL ADDTF D SINCE LAST SAMPLE (Prs, P15, Gals) . i 2536
> 2 - .
ACTION TAKEN :
DIACRES tLpM - _— T
HOW MALFU#NEZ g : Z :- 6‘ ;""
How round 7 -
) LAB REQUEST C! A1R OR GROUND CREW
HOW TAKEN SAMPLE TEMPERATURE TYPE OIL 3738
M oman [} Tuee ‘0 wort 0 cowo i

aemanxs (U1l sauple spectrographic analysis is require
for NATO 400 hour tests., Samples will be taken every
25 hours. Complete oil change after every 100 hours
of endurance.

FOR LARUSE ONLY

SAMPLE RESPONSE TIME . 223/7’( 3%9.40

*E A1.43]0C SA46] AL AT-4FICR 35052 17U 33-53 I'MG ‘86-58 NI 53.6%

#6411 © o 2 g 1258 | 2

P8 62-64 ;S 567§ SN $8.70] T 71.73 | MO 7475

E ) ¥ ls2 1O
W LASAECOMMENDATION , . 7778
A /"/) / '

e T fo o
SAMPLE NO. sncnaruny 3F LE MAINT DATA SEG
P SP ;a L £ %0

FOouM . _
DD, Gv'77 2026 PREVIOUS EDITION W:LL BE USED
. [
S : e . N . .

E-14
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) KEVPURNCH
OIL ANALYSIS REQUEST CCOE
't ANALYSISLAR Neyw Cumberland STSGP-PE | '
#10R COMMAND  TACOM, Warren, MI 48090 | ¢
!
QPERATING ACTIVITY (irciude 2IP Code/AP() DODAAD 510
0 hRaleld . .
M D::n—'l!&'RGRD Ml". Ro Rllnp‘.‘;la .
Varren, Michigan 48090 AVYN: 786-8528 1 |
EQUIBPAMENT MOGEL/ A . ) 1114
LUt SE AMh-903 Engine
EQUIPMENT SER, MO. 15.20
END ITEM MODEL/HULL NO,
END ITEM SER. NU./FIC
DATE SAMPLE TAKEN HA))’. Atn, br) LOCAL TiIME SAMPLE 21.24
TAKEN
HMOURSIAILES SINCE OVERHAUL 25.29
230 Honr NATU Test -
HOURS/IILES SINCE OIL CHANGE - "36%33
RPASON FOR SAMPLE Lae yasy oTHER | . 34
) sourie - . [ meavursy [0 FT2EN 0 ivpécrfyt .o
OIL ADUFD SINCE LAST SAMPLE (P15, Ots, Gals) 3536
N,
ACTION TAKEN =
 GIsCAEFANT ITEN g
_,_74— S
HOW MALFUNCHI (S)
52 é;; ‘?—'2?:' A?J‘E/#j@qsaﬁr
HOW FOUND 7 4 ’
] LLA0 REQUEST {1 AIR OR GROUND CREW
HOW TAKEN SAMPLE TEMPERATURE TYPE OIL.

32.33

{1 onain 3 Tuse ‘0 wor 0 coun

j

for NATO 40C hour tests.
25 hours,
of endurance.

nemanrs Uil sample spectrographic analysis is require
, - Samples will be taken every
Couplete oil change after every 100 hours

FOR LAB USE ONLY

SAMPLE RESPONSE TIME ;J 7/7 : 38.40
re a143lnG asas] AL e749icn so.3zlcu siss m&i;;a NI 89.61
0 62-64 .sc;-n SN es.70] 71 71-73 MO 7476

.ﬁnagi ECOMMENDATION e 7772
/ %v’- L L5 /4 RN . .
SAMPLE NO, SIGNATURE [/ FILE MAINT DATA SEQ
" Sp 2-3 , L 80

0D, 533‘37 2028 . PREVIOUS EDITION WiLLL BE USED
»

-
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LEFT FRONT

ENGINE TEST SET-UP

ENGINE TEST SET-UP, LEFT REAR



ENGINE TEST SET-UP, RIGHT REAR




ENGINE TEST SET-UP, LEFT SIDE . F-b




AR S RIS S e . R T

PISTON -~ TYPICAL BOTTOM SIDE OF -
PISTON HEAD F-5




PRITMSEASRLTPE Y,

O
. »xy”._ - artarem,

PISTON - SECTIONED TO DISPLAY PIN BORE
CRACKS (WITH DYEPENETRANT) Fb

e EEE——— ]



N U -
PISTON - SECTIONED TO DISPLAY PIN
BORE CRACKS |

PISTON PIN - TYPICAL APPEARANCE - NO
VISIBLE WEAR F-7







CYLINDER LINERS (REMOVED) - EXCELLENT
CONDITION F-9



CRANKSHAFT - EXCELLENI CONDITION : )

CRANKSHAFT ~MAIN AND ROD JOURNALS
EXCELLENT CONDITION F-10




MAIN BEARINGS - NO OVERLAY BREAKTHROUGH

ROD BEARINGS - NO OVERLAY BREAKTHROUGH

-

F-

11




ENGINE BLOCK - TOP VIEW WITH LINERS -
EXECELLENT CONDITION

ENGINE BLOCK - BOTTOM VIEW WITH LINERS -
EXCELLENT CONDITIONS F-12

\



CONNECTING ROD

CONNECTING ROD BUSHING - TYPICAL -GOOD
APPEARANCE

F-13




VALVE SEATS -~ VERY GOOD CONDITION

F-14



TORSIONAL VIBRATION DAMPER -~ ELASTOMER .

FATIGUE

OIL PICKUP TUBE FAILURE




PP RN

CAMSHAFT - EXCELLENT CONDITION

CAMSHAFT - LOBES AND BEARING SURFACES
IN EXCELLENT CONDITION.

F-16

it a




BRACKET SHOWING BROKEN TAB FROM OIL F-17

|
|

|

|

\

|

i

\

TRANSMISSION OIL COOLER SUPPORT : - :
- COOLER o




TYPICAL INTAKE VALVES - CLEAN - NO
EVIDENCE OF STRESS : .

TYPICAL EXHAUST VALVES - CLEAN - NO )
EVIDENCE OF STRESS r-18
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et e e+ o <t a2 o = T3
PISTIN PiN BoRrRE 7 Sep 83 SHEET OF
! e n ENGINE WO, ~ | WORK
forisTen o0, Cummins VTA-903 RZ610133
ﬁ ’ RECORDED BY CHECKED BY
— DRSTA-QAA G. GREMBOS
R -
T = e 1 D12,
F i
o \|
~ \ [
Yoo
i T
TL// > T Pope—30i
J./ - 2 K/
....—«4..___.{._
PISTON PIN BORE TA%ER AVS.PIA | PisSTON OD.] 1 DIA N 3 0/
] 1. 7489 TAZ 1. 4| D.443 Al 5.468 45.483
.1 (81,7490 (841 7R9T 1 L0001 8| 5.G44 18] 5.0477 g [5.587.
0] .0007 le| .0002 1. 7490 ok .001 x| 003 or] 002
] 1.7495 (A2 1.7495 0 4] 5.448 a] 5.470 4| 5.484
> lgf 1.7498 le2l 17498 | 0 8] 5549 | 5.A70 8] 57483
ot .0003 k| .0003 1.7498 ~ >on L0071 c] .000 . fsk| .001
Al 1.7494 JA 1.7496_ | .0002 Al 5.449 Al 5.468  |a]5.485
3 e 1.7496 lee! 1.7500 § .0004 | S Al 5.450 A] 5.470 5] 5.483
? o' _.0002 [+ 0004 1.7496 R .00 oA 0027 jom 002
Mp1.7491 lazl 1.7491 0o Ry 4] 5.448 A 5.467 1~ 5.484
4 (811 1.7492 | 1.7492 0 . 61 5.450 8| 5.469 8]5.483
ekl .0001 k&l .0001 1.7492 N ol .002 sk  .002 oA 001
A1 1.7497 azi 1.7491 0] N —_~|a] 5.448 Al B.470 4| 5,483
5 el 1.7491 el 1.7491 0 5 Bl 5.448 B} 5.469 41 5.483
o8] .0000 o .0000 1.7491 N\ e/l .000 oe]  .001 2q  .000
All 1.7494 |82 1.7494 0 Al 5.447 Al 5.468 Al 5.480
6 lail 1.7494 a2l 1.7495 | .0001 > 4] 5.453 8] 5.471 8! 5.484
o] .0000 |ot] .0001 1.7494 N\, [/l .006 -\ 003 cRl .004
A 1.7492 Wi 1.7492 0 |~ 5.448 A|l 5.468 Al 5.484
T (8] 1.7494 le2} 1.7494 0 > 18] 5.449 6] 5.469 Ai 5.482
ot 0002 kR .0002 1.7493 N JoR 001 e#l .001  le& 002
Ali 1.7492 W 1.7492 0 N\ Al 5.444 A| 5.464 A1 5.484
8 |811.7492 182 1.7494 | .0002 i >X  |a] 5.444 8| 5.467 £, 5.483
| 0000 15 .opo2 . 1.7493¢ __ ~NbR__.000_ 19& 003 led .001
NOTE: Pistonsvnumbered 2, 3, 4, 5, 6 and 7 show visual signs of cracks in the upper

half of the wrist pin bores.

A liquid penetrant inspection performed gives a

relative indication of the discontinuities present in the above discribed pistons.

¢

7/ [63

G-2

Clokkiiadd . .




DATE /
12 Sep 83 SHEET oOF
CONNECTING ROD BEARINO SHELL THICKHESS Cumming VTA=g03 | "OFK ORPE
RECORDED BY CHECKED BY
DRSTA-QAA D. Melanshek
A c
“Ui UPPER HALF CONN. LOWER HALF
ROD ‘ ROD !
ne LocC. FRORT REAR TAPER WEAR NO. Loc. FRONT REAR TAPER WEAR
; 41 .0938 .0937 .0001 A 1.0935 .0937 .0002
o9} 8] .0935 .0931 .0004 p |.0941 .0941 .0000
¢ | .0940 | .0940 | .0000 ¢ {.0932 | .0935 | .0003
g At .0938 | .0938 | .0000 A [.0933 | .0935 | -.0002
i o | e} .0932 | .0932 | .0000 8 {.0940 | .0942 | .0002
| c| 0934 | .o937 | o003 ¢ [.0038 | .0938 | .0000
{ «| .0935 | .0935 | .0000 A {.0935 | .0935 | .0000°
. 31 5 .0935 | .0935 | .0000 B |.0040 | .0940 | .0000
, ¢ | .0935 | .0935 | .0000 ¢ |.0938 | .0940 | .0002
iﬂnﬁmi | o938 | .0938 | .0000 a |.0935 | .0935 | .0000
4P v) L0933 | .0935 | .0002 8 |.0040 | .0940 | .0000
| ¢l .0935 | .0937 | .0002 ¢ |.0938 | .0938 | .0000
i 4 | .0937 | .0938 | .0001 .0938 | .0935 | .0003
51 0] 093 .0935 | .0003 e |.o042 | .0942 | .0000
~lc] .0940 | .0938 | .0002 ¢ 1.0935 | .0935 | .0000
| «| .0930 | .0930 | .0000 A ].0935 | .0940 | .0005
61 U .0932 .0932 .0000 B |.0940 .0940 .0000
¢ | L0934 | .0935 | .0001. ‘c |.0936 | .0936 | .0000
Woe
: G-3 .
TAC FONM 452315'"“ BETROTT ARBENAL

272 Jual &0

CENTER LINE, NICHIGAN




[ ' DATE . 7
12 Sep 83 SHEET OF
ENGINE NO. WORK ORDER
CONNECTING ROD DEARING SHELL THICKNESS Cummins VTA-903
RECORDED BY CHECKED BY
DRSTA-QAA D. Melanshek
18
Gonie, UPPER HALF CONN. LOWER HALF . .
Rep | ROD '
NG. Loc, FRORT REAR TAPER WEAR NO. LocC. FRONT REAR TAPER WEAR
4 1.0935 .0935 - | .0000 A 1.0935 |.0935 .0000
7 B | .0934 .0934 .0000 7 | s | .0942 | .0942 | .0000
€ |.0940 .0940 .0000 ¢ |.0938 | .0938 .0000
: A 11,0937 .0935 .0002 A ] .0935 |.0937 .0002
g | u|.0942 | .0942 .0000 8 e | .0935 |.0935 .0000
.0940 .0940 .0000 | ¢ |.0935 | .0938 .0003
A A '
;S -
: e c
R A
4 Dok B
}..
| c C
? A
[y B e ek Tt
foh <]
e ' c
e -
g -
s -

N s s L s

2

SR AL
. i k‘,‘n-n—-y-'/.-n : LN ~ .
‘ . T —t

F-10-873

¥

mr e ) BETROIT ARSENAL .

ThC FORM CENTER LINE, MICHIGAN

LT
22 du s0 430G




~———

ToRVE™ T

- . s

I

SRR

s o

a—

*\) \

//u'1 " F‘*‘-

tsrmon THRU LARGE END)

ConnecTING Rop 0 Sep 63 weer o
PiN BORE ;J BEARING Bore g:fn:r:)ir:g VTA-903 _'%%016%'3 .i'
| Rggg(’}tg_&A clgt.“lggl';nshek : "

s PIN BoRE BEARHIG- BorRcE m !

BéMlNG Bdffupoo' N 1"_!!0A!4'

3314 13377 | L0000

3.31/0 13 31/0 .0000

Loc. PIN BORE  husitiow
o ] TARERJAVG
| o« 115121 1.7512 0000 _
| _» |1.7510}1.7512 .0002
b 0002 | .0000 | .0002 |
s | 1.7516 | 1.7516 | .0000
v | 1.7514 | 1.7516 | .0002 | 1.
_o¢ f .0002| .0000| .0002
- [ 1.7510 | 1.7510 | 0000
|| 17810 11.75101 .0000 |1.7
t.11.7510 | 1.7510 | .0000
| .0000 | 0000 1 0000
T 7510 17510 | 0000
T 77510 11,7510 | 0000
.| 0000 | 0000 .0000
T 11.7510 | 1. 512 | L0002
T 7510 | 1,516 | L0006
« [ -0000 | 0004 | .0004
1.7516 | 17512 |..0004
1.4512 | 1.7512| .0000
i | .0004 | 0000 .0004
T [Wmiz 1510 ‘}iiié
- | 1.7512 | 1.7512 | L0000 |
~ 1 L0000 | .0002| .0002
T sz | 1514 | o002
T 52 | 1.i5121{ . .0000 | 1
T | o000 | 0002 | 0002 |

'3.3168 |3.3172 | .0004
.0004 | .0002

'3.3172 {3.3174 | .0002°

3.3172 1 3.3177 | .0005 ] -
3.

3.3172 13.3174 | 0002
3.3174 13.3170 | .00
3.3170 | 3.3174 g .0004
0004 | 0004 ! G000
3.3172 {3.3174 ; .0002

1 APER AVG. DIA

'3.3174 1 3.3106 | Jooo2 | T
| 3.3170 13.3172 |, .0002
.OQ04 . .0004 .0000 o

3.317213.3174 L0002 |
.0000 | ".0003 ; .0003 |
| 3312 3.3170 | 0007 7T
3.3176 | 3.3172 | 0004 .

3.3170 1 3.3174 | .0004 |

0006~ .0004 | .0002 -
3.3170 | 3.3172 | .0002 |
3.3169 | 3.3170 | 0007 -
3.31711 3.3173 _.0002 -
.0002, 0003 ] 0001 |

i A WA




fa e ———

B N T . e e
[ N

9 Sep 83 SHEET OF
. TNGINE NG, LWO KO
CONNECTING ROD PREARINGS Cummins VTA-908 |RZ610133
( RECORDED Y CHLCKED BY

_ DRSTA-QAA D. Melanshek

!

- FRONT
AN

SPEC. BEALING 1.D. St2C. BEARING I.D. -

CLLIRTEG BEAR IN
‘ 1 2 TAPER | AVG. DIA. NG 1 2 TAFER AVG. DIA.

: " TG 3T T295 TO000
|

wo | 3.1307 [ 3.7306 .0005
¢ 3.1299 1 3.1302 .0003

3.1299_ || | I

i .0005 | .0010 | .0005 oR
T4 3.1291 | 3.1292 | 0001 _ X B |
21 3.1296 | 3.1300 .0004 3.1295 B
CoL 43,1297 1.3.1300 1..0003 1T T T LS
b .0006 .0008 ] .0002 . oR N
i _ 3.1296_| ..0002 A

3i_7 | 3.1298 | 3.1298 | _.0000

| ~3.1294 | oooo | 21296

f‘;l i

|0 TTT0004 .0004, ] .0000
|~ | 3.1297 3.1294 | .0003 '
41T TIIA30T | 3.1299 ) To002 f 1 i T
o 1.3.1301 | 3.1299 | ..00Q2 | —=''“Z%- N N

1

i

. -
T o004 | L0005 _{_.0001 _ | .. _.f._|en i
1737294 | 3.1294 | .0000 _A N I f

|

1131299 1731304 | 0005 | 4 1o i
0 ]..3.1299 13,1302 0. ..0003 | <= ¢ i I
0 .0005 .0010 | .0005 lor | o
T Tx [ 3.7292 [ 3.1296 | 0004 [ A :
« | 3.1298 | 3.1302 | .0004 . B
61| T3.1300 | 3.1302_ | _.0002_|->122T 11 "¢ T .
v 77770008 | L0008 | 10000 OR : - :
A | 3.1290 [ 3.1292 | .0002
i | 3.1296 | 3.1298 ! 0002 8 :
(73,7294 [ 3.1298 ..20004 _ 20200 ] J= =
| 7770006 .0006 .0000 OR ,
[ _3.1292 | _.0002
3.1296 | 3.1298 | _.0002
3.1294 | o004 | -3:1223 ¢ S e — —

| 0006 [ 0006 | 0000 | on

— e —

o o
A . .
R VL (SR SO - —
I = (-: A Srolbead = . ‘ s :.;;{:, P LR B L | — T
-—(m——" ) . A e e b il Y ——————
DL TRETY AHNSENAL

R HCCTN A DR
SV LI T TR RIS A

12 Jun 5§

CIHTER LN, MITH1GaN



DATE

N>
THicKk. THicx. THick.
BEARe. NO. A K<) <
UPPER
REAR . 1480 .1510 . 1490
LOWER | A .
REAR . 1490 L1515 . 1500
N UPPER
FRONT 1500 .1515 1500
l Lo . 1495 .1513 . 1498

12 Sep 83 SHEET
EXGINE KO, WORK ORDER -
C i VTA-903 .
T HRUST BE ARING FECORDED BY CHECKED BY
= DRSTA-QAA D. Melanshek i .
1




DATE
8 Sep 83 SHEET OF
ENGINE KO, ;"’SE-FII'ORM:R
PISTOX PIN DIMENSION CHELK Cummins VTA-903 RZ610133
{LAB. SOP.) RECORDED BY CHECNED 8
L DRSTA~QAA G. Grembos
‘ /;Ronr
] ,._;
" - ) C\u \
[ _,,/’/
i
- .
POSITION POSITION .
CcYL. ! AVG. CYL. AVG.
"°'. ! LGEC, : 2 : TAPER WEAR NO. L0¢ T 5 3 TAPER WEAR
LAY 11,7491, 749001.7491 L0001 .0002 AL 74911.74891.749 1 .0002
1 Bl |1.74911.749001.7491 .0002 5 Bl 11.74911.748R1.7491 .0002
o | ,0001 .000d .0000) 0r | .000d .0000] .0000
a2 |1.7649711.74891.7491] . .0002 a2 11.74931.74901.7492 .0002
2 82 11.7497%1.748901.7491 .0002 6 Bz |1.74941.74901.7492 .0002
‘ | _or | .0000 .0000 .0000 ok 1 .0000 .000d .0000 )
a3 11.74911.748901.7491 .0002 A3 11.749231. 74901, 7492 .0002
3 v3]1.749%1.74901.7491 .0001 .0001 7 B3 11:74931.74901.7492 .0002
|} .000g .0001 .000 ok | .000d .000d .0000
AL T49 1. TA9O . T49 1 .0001 Al 11.74951.74931. 7495 .0002
4 i 11,7491, 74891. 7491 .0002 8 81 [1.74991.74931. 7495 .0002
~or ' .oood .0007 .000G or | .000d .0000 .0000
A2 A2
B2 B2
OR oRrR
A3 A3
B3 || 83
OR OR
Al ' A1
81 Bt
OR OR
A2 A2
82 B2 '
. O // 57 ? B / OR
* /;7/, A 41::444;# 7| ‘?@ 2 *
83 LT ey
OR i OR i
K SARR L RER G8 u:ntrf;"f’:l:?"zﬁ?ﬁf Ak
B Y -~ :

T



FISTOR RING THICKHEISS

ARD WIDTH
{LAB. S0P.)

foave SHERY OF
12 Sep 83
-
ENGINE NO. WORN ORDER

Cummins VTA-903

RZ610133

RECORDED BY

CHECKED BY

DRSTA-QAA G. Grembos
WIDTH
¥
—-v-l THICKNESS
- NG © 0IL O o1L
‘yop | 2 3 | 4 s TOP | 2 3 4 5 ¢
| MAX. 1,1130 . 1460 . 1860 .207 .205 . 159
! “. 1.1125 . 1455 . 1855 . 204 .204 157
) MAX. 11145 . 1455 . 1860 .205 .206 . 160 B
N, 1. 1140 . 1450 .1850 .202 .203 157
5 [max. |.1150 . 1465 . 1860 .206 .206 .159
N i, 1. 1140 . 1460 . 1855 .203 .204 .156
s |MAx }.1150 . 1450 .1860 .207 .209 . 160
MIN. 1. 1145 . 1445 . 1855 . 204 .204 . 155
MAX. |- 1150 . 1460 . 1860 .205 211 . 162 N
> [ . |.1140 . 1450 1860 203 208 157
T 11165 1465 1860 1208 205 .59
& e |.1160 . 1455 . 1855 .205 .203 . 156
7 |max }.1150 . 1455 . 1860 .206 .210 .158
MIN. | . 1140 . 1450 . 1855 .203 .215 . 155
g | Max.].1135 . 1460 . 1860 .207 .206 .158
MIN. |.1130 . 1455 . 1855 ,205 .202 156 |
MAX.
MIN, ! |
MAX,
MIN.
MAX.
MM, )
MAX,
MIN.
TSRS e ,
' G9




: DATE SHLET oFr
] 13 Sep 83 — ‘
CYL/INDE R LINE R BORES [Excr/me ~O SERIAL T ANO.
Cummins VTA-903 | RZ610133
NWECORLELD Yy CHECRKED &y
RIGHT BANK DRSTA-QAA G. Grembos |
]
A FER PEANDICILASC
L T CRANKNSHLE T ‘ ) 1 ,
j
Tor - |
T e CENTER e 7 e i
\\ . <1 r 2 :
/ 2 3 |
' Wa
CYL oS [T/ ON
lLoc = SCENMAR KA S
No o™ / Z. <) 74 PEL
A 5.4995 5.4998 5.4992 .0006 . ;
AVERAGE DIA = 5.4999 |
| 1 | & | 5.5000 5.5008 5.5004 .0008
oR .0005 .0010 .0012
Al 5.4993 5.4998 5.4993 .0005
2 | £4{ 5.5005 5.5008 5.5000 .0008 AVERAGE DIA = 5.4999 j
CR .0012 .0010 .0007
A 5.4991 5.5002 5.4996 L0011
3 | 8| 5.5008 5.5012 5.4999 .0013 AVERAGE DIA = 5.5001 Z
% !
OR L0017 .0010 .0003 f
A 5.4999 5.5004 5.4994 0010
T
4 5.5004 5.5011 5.4999 .0012 AVERAGE DIA = 5.5001
OR .0005 .0007 .0005
A
A //:/,, FL b [T
77 / 5;‘2_‘
| oR
G-10



DA7TE SKHEET oF
. 13 Sep 83 —
CYLINDE R LINER BORES [E~vG/ne ~O SERIAL Ao.
_ Cummins VTA-903 RZ610133
NRECORDED S @ KID &y,
LEFT BANK DRSTA-QAA G. Grembos
. WW :
A FERPEANIDIC LA !
/ """ \\.7'0. CRAN KSARET ‘ I 1 .
7or | -
od T CEntERe. ;7 L
ol | 4 /—2 S
; / 2 5
i Wa‘
QYL oS 17 oN ,
loc AENMTAR A S
o [+ / £ 3 a2 P '
Al 5.4992 5.5004 5.4994 .0012
| 5 | & 5-4999 5.5012 5.5001 .0013 AVERAGE DIA = 5.5000
or|  -0007 .0008 .0007 |
Al 5.4996 5.4998 5.4990 .0008 !
6 | &| 5.5002 5.5008 - 5.4996 .0012 AVERAGE DIA = 5.4998 1
or .0006 .0010 .0006
A 5.4998 5.5005 5.5000 .0007
. | B 5.5002 5.5013 5.4996 .0017 AVERAGE DIA = 5.5002 3
OR .0004 - .0008 .0004
A | 5.4998 5.5008 5.4998 | .0010 |
, .
8 5.5002 5.5009 5.4998 .0011 AVERAGE DIA = 5.5002
or .0004 .0001 .0000
OR
A /7%;7 z%jlzfc/t
3 h
OR "




o

H
s et s e = e A

XEIKKE VALYD CUIDE BOKD DIMIK510HS

(LA, nor)

...-..,
:
$
H

Int

BRI PN

LOS. : ‘

k .4533

Tc
Int

SCVIOM

.0000

.0002

.0000

.0003

2c
Int

OR

oR

OR { .000% .0012

ok | .0000 | .0002

TAC FO

22000

[RA¥]

4533 ¢

N A

.0001

.0003

.0008

.001

-y e e R e

Thoann 77

10 Sep 83

EEOIME KD

DRSTA-QAA

Kol

A = . o~

b
Exh

1d 1
Exh .-

VCummins VTA:QQ3

RECOLED 6y

SHEE® OF

WORK GRDLL

RZ610133

THETXED BY
G. GREMBOS

i
4
e e e . ey

e o e +

! CR3 T I0% ;
R

DUYTOM IAEESE

4520
.4520

.0000

Y

4535

!
{
e {
}
{
§

.4528

§ e d cca— e i < PR

.0007

2b "
Exh .

2d
Exh

0009, f
4530 | .0004
e+ o b e e o a4

r— m— e enef

GEIBAET iyt

CAnTE Rt o hy

i

o




(L A7 snr)

RERRUS
i oBUVTOM
§ 2

.4534 4525

.4534 4525

.0000

-4538__

4241

ARXKRE YALYD CUIDL BORD DIMIwsi v

OR

ot - 4

.0003

4533 | .4
4533 |,

.0000

<4537

Int

0000 g‘.

A

b o e

oR

e o o i s § S WL

MBA 70/

ST L moama) msmmemmmeeo ) s

R YA

1A

[

c
!

3b

3d-

Exh

4b

Exh

4d
Exh

i
|
!
1,
jie
!
i

Exh

v
10 Sep 83

e vy

RSTA-QAA

Vi T T waRK oEn LY )
ummlns VTA- 903 RZ610133
N PR YGAT:
G. Grembos

SHEET, . oOF

fl;;

ViE

1

L4535

lHCk

l
parION |
.

{
n

cee WS TR

-4520

4536

e OOO 1

4

.4523

.0003

T

e

0015

0013

4523

Ao 1.4533 | 4528
4535 | 4530 |
' 1.0002 0002
K | -4535 | .4530
4535 | 4535 o

oplbucdodiyutul-Sini N S-SV U

e

i
|

B

JURADRPSR PSSR IR,
St gt e
DRI I T T N T SRR VAN IR

ST

sy

RPN SR A S




CRANKZHAFT JOURNAL AND CRANKP!M.DIAMETERS
{LAB. SOP.)

|
Pl

D
Ld
—d 0 e

6

4

g " —

~

g o—  fa——-

T

ROTE: Crankpin 81 is in vertical positicn.

[ S I—

DATE !
. SHEEY of '

ENGINE 5D, WORK ORDER i

Cummins VTA-903 | RZ610133 i

RECORDED BY CHECKED EY

DRSTA-QAA G. Furton

——t

—— = L
o0
——ind N3 borten

——ttvd P bt

JOURYAL MATH JOUREAL DiAMETERS CRANYPID CRAMXPIN DIAMETERS
§o. | Lee. i 2 TAPER wear | 5. |ees. i 2 TATER
& 4 3.7495 | 3.7497 | .0002 A4 [3.1248 13.1248 | .0000
1 8 |3.7408 | 3.7496 | .0002 " | 4 8 |3.1247 | 3.1247 | .0000
o2 {0003 | .0001 - | .0001 | .0001
& ' 3.1242 |3.1234 | .0002 A ]3.7496 |3.7494 | .o002
1 B 13.1247 }3.1243 } .0002 5 8 }3.7493 .} 3.7493 1 .0000
o-k | .0001 | .0001 g-R| .0003 | .0001
A {3.7498 | 3.7495 | .0003 A
5 8 |{3.7497 | 3.7496 | .0001 | B
-k | .0001 .0001 0-2
A |3.1248 | 3.125 | .0003 A
2 B }3.1247 | 3.1249 } .0002 8
o2 | .0001 .0001 o
A }3.7498 | 3.7496 | .0002 A
3 8 13.7495 | 3.7496 | .0001 )
O-R | 0003 | .0000 ' 0-R
A 13,1248 | 3.1246 ) .0002 A
3 8 13.1248 ] 3.1245 | .0003 p
O-R | 0000 | .0001 0-R
A 13,7497 §3.7497 | .0000 A
4 8 |3.7495 | 3.7496 | .0001 &
0-R |} .0002 .0001 (] o
” - TAC FORM L4 614 DETNOIY ARSENAL

. EEMYER winE, MICHIE



CONKECTING ROD BEARIHO SHELL THICKHESS

DATE ‘.

6 Sep 83 SHEET of
ENGIKE WO. WORK ORDER
Cummins VTA-903 RZ610133
RECORDED BY CHECKED BY .
DRSTA-QAA D. Melanshek

cont. UPPER HALF CONK. LOWER HALF
rep | - ROD v '
no. [LOC. | FROKY REAR TAPER VEAR wo. |L0C-| rFrONT REAR TAPER WEAR
Al 1540 | .1540 | .0000 s | .1538 | .1538 | .0000
1] 8| .1545 | .1544 | .0001 |4 ] e | 1543 | L1543 | L0000
¢ .1530 | .1535 | .0005 ¢ | .1536 | .1536 | .0000"
A .1535 | .1535 | .0000 A | 1532 | .1535 | .0003
2 | ol .1545 | .1543 | .0002 | 5 | e .1562 | .1542 | .0000
e} L1531 | L1535 | .0004 ¢ | .1536 | .1536 | .0000
« | .1537 | .1535 | .0002 a | .1535 | .1535 | .0000
34 s | .1542 | .1540 | .0002 3 | 8| .1560 | .1540 | .0000
(I ef 1533 | .1533 | .0000 ¢ | .1536 | .1535 | ..0001
: » | 1532 | L1532 | 0000 s | 1535 | .1535 | .0000
4 s | 1543 | L1541 | L0002 | 4 {8 | .1538 | .1540 | .oo02
: "¢ | .1538 | .1538 | .0000 | ¢ | .1533 | .1535 | .0002
i x| .1535 | .1535 | .0000 .1534 | .1534 | .0000
5 {7 [ L1543 | .54k | L0001 | 5 | 8 | 1542 | .1542 | .0000
| f ¢ | .1535 | .1535 | .0000 ¢ | .1536 | .1536 | .0000
T A
h 8
¢ C
‘ 1 .
e - 1% BETROTT uafz:x"a':"

2z dan so AB32C

CENTER LINE,




' DaTE

’ 8 Sep 83 SHIIT of B
. o e ENGIUE %O, WORK ORu 5
i EYuataT ANL INTAXKE VALVYE STEM DIMENSICUS Cummins VTA-903 RZ610133 N
' (LAB SOF) RECORDED BY CHeCKED BY 3
l DRSTA-QAA D. Melanshek j
B-1 B-1 B-2 ' :
- S ————-——h-{: / .
f
A-1 H r’l‘“ - - }
/ | = A-2 i
! 4 \ ;
; L
/ MEASURE (N
GUIDE TRAVEL
YL POS | TION CYL. ~ POSITION ; )
.. | Lo, T > . TAPER wo. | Loc. — 5 TAPER
Exh A . 4500 .4500 .0000 - A .4503 . 4503 .0000
A B . 4500 . 4500 .0000 L B .4503 .4503 0000 !
: 1 oF .0000 .0000 .0000 1 oR .0000 .0000 0000 |
A L4505 L4502 .0003 T A .4505 L4502 0003 |
R .4503 4503 .0000 , B .4505 .4502 . .0003 !
1w .0002 .0001 1} .0001 1 oR .0000 .0000 | .0000 |
| en. k8507 4503 | .0004 5 .4500 L4502 | -0002 |
S8 L4507 .4504 17,0003 Exi. B 4500 L4501 .0001 °
t ! : .
' 2 | R .0000 .0001 .0001 2 or .0000 .0001 .0001
i, A 4504 4498 .0006 11 o A .4506 .4501 0005 __;
{ , ' _B | .4503 .4498 | .0005 . G -4505 .4501 0004 |
L2 | Or ) .0001 .0000 0001 Y| "2 | Oo¢ | .000f .0000 .0001
b L _a ' .4502 4502 .0000 A _k - 4499 4499 0000 !
| [ Te 502 .4502 | 0000 i O L4499 L4599 0000 .
3 0R { ,0000 .0000 .0000 3 OF .0000 .0000 .0000
ik v i L4502 . 4500 .0002 N7 A .4505 . 4505 -0000 ;
i T L4502 .4498 0004 4 [ B . 4505 . 4505 0000 |
{ 3 1 R ! ,0000 .0002 .0002 3 OR .0000 .0000 .0000 |
. s | 4505 .4505__ | .0000 i 5 -4502 -4502 0000
PO . 4505 .4505 | .0000 . B -4503 -4501 0002 | .
i 4 ¢ or ! .0000 .0000 .0000 4 Ok .0001 .0001 .0001 |
‘ wr. A .4505 . 4498 .0007 - A . 4504 L4502 0002
, 1_B I .4505 .4498 .0007 . B -4504 .4502 0002
4§ OR_{ ,0000 .0000 .0007 | 4 OR .0000 .0000 0002 *
A | A
EXH. EXH.
[ g [ B
' OR of :
|
AT, . INT. A ;
' . * B ;
g g _OR o -
. LA , 4 |
'iXh« ; g } E‘XH. B l
Mo ™ Ok !
INT A- E IKT a :
P . P l0-83
ook | o ;
AR : ' _ DETROIT ARSENAL )
Tl’ficoi)g"sﬂ 4512 G-16 CENTER LINL, MILHIGAY .

‘“



APPENDIX H
NATO REQUIRED DATA SHEETS
FULL LOADS AT 100 HOUR INTERVALS
PART LOADS .AT‘ ENDURANCE COMPLETION




. ENG’NE Type: ___'____‘_}:::‘. 7 IPace date:

' ””EHIL.LDCHARGE F.:Eﬁ.;-'LGR:‘:jANCES Reference :

"RUEL . OIL type: : BRAKE fype:

Volume mass: _-gmj grade:.. . ‘ Full Load at 0 Test Hours
amar] s 34.5 30.1 1 30.2 30.01f1 29.9 29.7 29.6

ENT

#0 |t 119989 || 998.9 ||998.9 || 998.9 ||998.9 || 998.9 {|998.9

E s {ram | 12600 2400 2200 2000 1800 1600 1400

§ n e 111387 1] 1435 || 1420 || 1386 || 1334 || 1258 || 1151
3 e 1378 362 . || 327 290 || 252 jl2i 1] 169
g |ome o 11118 || 12.2 12.1 1] 11.8 11.3 [} 10.7 9.8
podonnt 1231 1 z23 || 217 |21 |l 223 |[228 || 26
UL [ o by 156.6 || 165.7 || 158.6 || 156.3 || 153.5 |} 148.8 || 146.1}
1 M is2.6 0.6 || 70.8 ||63.4 56 |{48.3 || 3.5
Lo LML 119 118.2 || 116.7 1| #15.7 || 114.5 || 113.4 || 112.5
v | o 113,91 3.58 |{3.39 1{3.07 |l 2.73 {l2.42 || 2.07
g e | ¢ 1190.7 90.9 |{ 90.98 || 92.1 91.2 || 90.89 || 90.7 |
E {1 flog.2 94.4 11 94.3 1194.33 1] 94.4 || 94.55 |] 94.5 |
[« J[2e.35 ][ 30.16][ 30.23 |[30.01 ][ 29.95 {[29.7 || 2.5 ||
oot mwr e 35 1] 996 || 7.77 [ls.45 || 2.60 || 2.26 r.a5 ||

9
P21 " 11153.33 144.4 11 129.8711112.88]] 97.6 82.58

-tz -

p2 | ear |11 224 1.173]] 1.083 || .833 .634 ] .457 .298

"1 1]102.3 ||100.477]-97.4 |{94.6 |l 92.44 || 90.7 1} &9.55 ||

pl-pY| mdar l__.. _—— - —— - - -—

o
(=]
N
~J
D
o
Ye
\,
(Y]
cx) .
°
~J

o |« |l672.9 |l651.1 |[ 637 645.7 - |

g o3 Lo |1 185 | 1.0321| .329 |l .626 480 ] .308 .198
g ve |oc |1554.4 537 537 557 . 595.4 || 634.8 |[ 670
T fesesojenr Vi3z 17 |1 28.8 {1 17.35 |]7.47 2.96 || .32 1.42
ISAen Bosch - ' - - - - - P -

“JBlow-BY lewisme




ENG|NE Type ______ Ne. . Place déte:
mﬁHH CHARGE Fg%fpr:jA‘l:ES Reference . ‘.
"RUEL : OiL type: BRAKE type: ‘
Volumz mass: wedl  grade:.. "Full Load At 100 Test Hrs.
mg-lﬁ' “ 1130.8 31.1 29.7 |} 31.1 30.5 |} 30.8 31.1
ENT
#0 |m® 119g7.6 || 987.6 || 987.6 1| 987.6 || 987.6{} 987.6 || 987.6
g o from 112600 2400 2200 || 2000 1800 || 1600 1400
§ om0 1402 gl| 1425.2| 1398 1352 || 1267 .1162 .
Mle |=~ 11384.4 || 362.6|] 328.3{] 292.8 || 254.8} 211.9 || 170.3
g pme o |111.9 - {] 12.2 12.1 |} 11.9 11.5 ]| 10.7 || 9.86
ferestla kbl 1016 223.2 || 217.8 1l 216.6 || 221.41])-230.5 || 247.6
- JFUEL ] o zn 157 166.2 || 176 .|| 156.1 154 .7 4| 150.7 || 148.7}
e w7 lgp .8 80.9 71.2 1] 63.31 56.5 || 48.9 || 42.2
Low mofec | 1197.8 11 117.2 || 115.7 || 115 113.9 4] 112.7 {{| 111.2 R
‘ on | o }4.72 4.42 A 3.64 3.14 |} 2.67 2.2
w P o
A1l |06 ||89.5 || 89.76]]90.7 || 90.5 || 90.2 || 90.1 |
Bl i l19s.5 || 93.7 93.6 1| 94.3 94.27 |} 94.14 || 94.3
n | < []22.4 23.4 23.9 || 24.9 24.9 1[26.2 26.3 |
' po-pt| ebr 143 3 11.9 9.5- || 7.2 5.33 1} 3.9 4.18
E' 2 | |[149.3 || 138.9 || 123.5]| 105.4 || 93.1 78.5 65.3
E ez o lly 07 1.213 I} 1.10 .869 .663 .465 .301 |
12" | ¢ 11103.9 || 100.8 || 96.9 |} 93.9 l}.90.5 || 88.3 87.06 |
p2-pT} mdar —— e —— e e —— ——
$ !¢ 11667.1 637.1 || 622.4]] 633.3 || 661.7 | 696 729
£ )
X 3 w14 23 1.083 {| .868 || .659 469 || .313 .199
Q te ¢ |1496.2 || 486.7 || 452 466.2 {| 574 615.5 || 658.6
T feeesofmnr Hiae o 1 25 12 f1 15.3 || 6.00 1.27 || .72. 1.997
lSAah' Besch _——_— _—— —— —— ——— e _——
'm_ochY v /e




ENGINE Tpe: N ;e de:

-mfr:l{lfLDCHARGE FFEEELOW‘:' IES Reference: .
RUEL : OIL type: BRAKE fype:
Volume mass: vl grade:. Full Load At 200 Test Hours

el | 1133.0 35.2 {1 32.5 |l3a 32.3 || 30.7 29.5
ENT
0 1" 111006 1006 1006 1006 1006 1006 1006
g s Lrem 12600 2400 || 2200 {2000 1800 || 1600 1400
§ n ma | 11385.8 || 1241.4| 1432 || 1402 1348 || 1273 1167.5 K
B I~ 1377.2 || 360.5{f 330 {294 250 |]213.3 || 171.1
? pme w1176 1] 12,2 112015 {11129 1.4 {l40.8 9.91
ks rvstclsun 1230 .5 223.81] 217.8 ||214.7 || 219.6 |{227.5 || 237
JFUEL | oc M hee] l165.1 165.9 || 161 155.4 || 152.8 {] 149.5 |{ 125.5 |
* 1®" 1703 || 80.7 |{71.8 |63 55.7 |[48.5 || 40.7
Tow L2 10 Jl118.2 117.8 11 116.5 {1 115.2 || 114.1 {1 112.8 || 111.2
il Bl 1V 4.42 11 4.08 {13.64 |[]3.15 ||2.67 2.19
w *
Wl | < {loo.1 90.8 |190.6 |190.5 || 90.4 |[90.2 || 90.04 ] i
% nojer |193.7 94.4 11 94.2 |}94.1 94.1 |} 94.1 94.2
n |« |[R0.9 21.9 |[23.2 |[23.8 |[23.5 |[24.6 |[24.25
s0-p1 | mr {1 93 g 12.5 10.1 7.64 5.7 4.2 3.18
' } N . . 3
N1l f{144.3 1] 136.31] 122.7 |1107.3 || 90.9 ||76.5 || 63.11
§ ez toe {1125 1| 1.21 || 1.061 |{.865 || .660 ||.466 || .302 |
v | e || 103.1 || 101.2]{.97.6 |}93.8 90.8 |[88.32 || 86.8 °
p2epY| mbdar ——— —— ——_— ——— —— ——— _———
o |« || 49.9 48.1 || 46.7 ||47.5 50.1 ||53.4 || 56.3
g @ | o {100 ||-1.05 || .846 ||.643 457 |1 .321 .186
g ve [ ¢ |] 542 533 || 530.4 ||549.9 || 582 621.3 || 654.5
R L e IV 36.02 |1 20.2° 118.3a || 2.91 ||.5 .55
Sashe | Besch —_—— | ——— —— ——— R ;__ _———
|
. ag,bw.,ay o’ 7 n
\

H4




ENGINE Type: o Ne. . Place date:
4 FULL CHARGE PERFORNANCES Referente
"RUEL : OiL type: BRAKE fype:
Volume mass: ' ..,m’} grade: . Full Load At 300 Hours .
el | < 1] 20,9 || 20.4 || 28.5 {]24.6 || 23.5 |[ 23.5 || 23.5
*7 oo Jor [ 996.11] 996.1]| 996.1 | 996.1 || 996.1] 996.1 996.1]
E |~ | 2600 || 2400 || 2203 |l 2000 ][ 1801 1601 || 1400
- § "l 1 1383 1| 1430.6; 1410.2 | 1373.6||1327.5 ||1244.2 || 1139.0
| 512 |~ .|| 376.6|| 359.6{| 324:81| 287.6 || 250.2}|"208.6 || 167.0
A | I P T 10.6 || 9.7
ketdoawnl 533 011 225.7(1 219.0 || 220.2 || 226.91] 234.8 |} 250.6
et oc b | 400 61| 20000l 191,211 187.6 || 186.6 181.1 H 177.1]
o o)) 87,7 g s1.1 )| 71.2 || 63.4 || 56.8 || 49.0 || 41.9 |
o LML 125.1 || 124.0] 121.8 120.0 || 118.7|[ 117.6 || 116.0
_dem il a8 4,5 |1 4.3 3.9 3.4 3.0 2.5
g re 111 89.3 || 88.8 {| 89.0 || 89.1 || 89.1 || 88.9 || 88.7 |
Bl 1 oz Il ooz 1l o2.6 Hozs || 92.6 {1927 |l 92.6
nl < f] 271 || 26.6 || 25.8 |l 22.0 || 21.1 1] 21,1 || 21.2 |
' ool ew ) 50 || 136 || 11 || 8.5 || 5.0 {[ 4.7 ] 3.6 |
N2 b d) 1523 ) 142.5(] 126.21] 106.2 || 89.8 || 74.1 || 60.8
P (e |l 119 ] 105 |} 873 || 676 || .a7a |1 310 |
v 11| 103.711 101.1]}-97.0 || 92.5 ||{89.2 || 86.9 |} 85.3
p2-pY| @b —— ——— ——— —— —— _— .
o | | 671.3][ ea7.3][ 631.4][ 633.6 |[ 661.3][ 693.8 |[ 725.2
s o o) as |]-r07 ] 859 || 649 || .44 J| 311 || .199
§ 117" || s54.2)| 539.4/| 534.01| 547.4 {| 580.7| 619.0 || 654.5
T foe-oojen 1 56 || 36.7 || 21.8 |} 9.76 || 4.16 || 164 §| 299
| Sacke joecn | | ___ —— ——- -—— _—— SRR | B
‘isow-BY jedsan | __. —_— — — — — —

H*5




1 ENGINE  Type: Ne. . ' sce dafe:
, © PERFORMANE ’
"RJEL : OIL type: BRAKE type:
Volume mass: el grade:. Full Load At 400 Test Hours
] 0 | | 26.0 |]26.4 26.9 {|27.3 |} 27.6 ||27.7 28.3
ENT
#0 =t 11 1002.8|| 1002.8 1} 1002.81| 1002.8| 1002.8/| 1002.8| 1002.8
g o fren 1| 1405 |} 1600 1799 || 1996 2202 || 2303
F -
Q | " 1l 1156.7!]1248.9 1| 1342.4]|1375.01( 1411.6/] 1417 .
Bl | = 1| 169.6 |} 209.2 || 253.0 |{287.9 || 325.2!| 34122 ||
é’ pre | wr 11 9.8 * 1110.6 1.4 |{11.7 12.0 1} 12.0
Ksardsavnl | 24053 |1237.8 || 226.3 || 221.4 || 222.0 || 224.5 |
#‘”“ se Pl | 171.4 || 184.2 || 188.1 || 188.8 || 194.0.]] 197.1
e vl u0.7 |149.8 || 57.2 ||63.7 || 72.2 || 76.7
Lo Lo foe f 1144 1] 118.1 1] 119.9 121.2 || 122.9 || 123.9
~fen et 26 3.0 3.4 3.9 4.3 4.4
‘é’ e |« |188.8 ||90.6 ||90.8 |[90.6 || 90.7 {|90.6 |
B 1" 1™ 1oz loa2 1loa2 loa.1 1| 9a.1 |]o4.1 |
v % || 2a.9 {l25.1 |{ 25.2 |{25.3 || 25.3 1] 25.7 |
po-pt | mwr f| 335 || 4.31 5.82 || 7.9 10.51 {{ 11.82 {|
. _ _
Npr2 |}l 65.31 | 78.8 94.7 {}110.3 || 125.9 ] 135.0
E B
TLPH 4317 |l .474 672 1| 865 1.06 [l 1.14
v’ | ec 1 8521 ||88.71 |]-91.23'}| 94.24 |} -98.21 {| 100.21
p2-pY| abe —— ——— - -—— —— ——— -
12 0t | 729.4 || 701.4 || 665.8 || 639.9 || 632.2 || 637.0
E 2 | o | 196 || .305. 445 || .446 .857 |} .962
§ "t 1°C 1] 656.8 || 626.0 || 587.7 || 553.1 [{ 534.3 | 534.0 ||
'3 eeeso|mer || 075 | 1.96 || 4.90 |} 10.36 || 22.43 || 29.27
ls-;-.. weseh | e o e e ——_—— feo . ———
“IBLOW - BY |ovsmn . - I ——— —_— ———
§ H6

A



ENGINE N .
PERFORMANCES
Part Load At 1400 RPM
| | -85% | 70% | 0% | 503 | 40% | 25%
| PNERERL 25.32 1125.58 || 25.72 || 25.93 {}26.04 || 26.52
| NT i
| 1 s ,! I11001.2 1) 1001.24] 1001.2} 1001.2}} 1001.2 || 1001.2
E n |ron 1400 1400 1400 |{ 1400 1}1400 1400
A . 984.5 || 809.5 || 694.3 |[579.0 |{473.2 || 297.0
v & “
M |w 144.3 ({11876 1] 101.8 {|84.9 }|69.4 43.5
g o | bar 8.4 5.9 5.9 (4.9 -|l4.0 2.5
ks Aasteig o {235.4 tl227.5 {l.236.0 {1 236.0 {{244.5 {|276.4
fFUEL | oc i, 77.1 61.4 || 55.0 |[45.0 |}38.7 27.5
am | xesn 33.9 27.0 24.1 {j20.0 {]17.0- 1]12.1
Lo L 111.3 {]106.3 1] 107.2 {}106.1 ||104.6 1] 103.2
T en | sar 2.6 [|2.8 2.7, |]2.8 2.8 2.8
e i187.7 llee.6 1] 90.6 |[90.5 |[o1.7 |[o2.8 |
g NERE 9.7 |[88.9 || 92.6 |[92.2 |[93.0 |[93.9
n |« liozo l2a.3 [ 226 |[2a.8 251 |]25.6
P -p7 | miar i13.2 3.0 3.0 |[2.9 {{2.9 2.8
U ‘
N ] lisaa |lazs |l as.a a2 a0 1l37.7
E oz o .46 .33 .27 .22 A7 11
oo 83.5 82.1 85.4 1185.6 |l85.9 87.3
p2-p?} mdar ! 1-_- _———— ——— ——— ——— ..-._
- o |« 629.0 |}539.3 |[ 499.7 |[447.9 1[401.5 |[328.7
' S 83 | wr 154 32 2120 11.107 |].094 .077
s Q e | e 576.9 [[501.8 || 466.8 |{419.4 |[374.5 ||305.1
7 [ot-00] anr 3.46  |]2.21 1.74 {11.02 {].049 |j1.19
lS.e‘uo sosch - - - - - - - --— - -
ELOW-BY . lend /. —— - S -— -—— -—— ——-




| ENGINE

. et . t— - - -

'PERFORMANCES
] Part Load At 1600 RPM .
~85% | 70% | 60% 50% 40% | 25%
"SRR 25.7 1{25.0 || 26.4 |[26.4 |[26.7 |[26.7 || |
BT [ oo Lasw i 998.2 {{998.2 !| 998.21] 998.2 {{ 998.2 || 998.2
E] [ 1600 || 1600 || 1600 || 1600 |} 1600 I 1600
o o 1063.0 | [871.9 || 744.4 |[ 625.1 |[508.5 || 309.2
§ 5 | e 178.1 1| 146.1 || 124.8 || 104.7 }|85.2 || 51.8
& o [ 9.0 7.4 1163 115.3 {43 ll2.6
I SR 1233.6 {|231.8 || 234.2 |{241.5 |[247.0 |[276.8
HFU&L B e 153.8 |1125.4 |1 108.0 {|93.6 |}77.7 |i52.9
an [ s1.6 {339 | 29.2 {{25.3 {l21.0- I[14.3
| o | e 4.5 |[112.1 11107 |[109.5 |[107.8 |[105.6 |[
o o | war 3.1 3.0 {{3.2 (]33 |s.3 3.4
W ot lor.a {[e2.r [o2.7 ez.o |{e3.0 |
E nojte | loa.3  |l93.7 !l93.9 jlea.2 lloa.s llea.a
RESH 2.1 |l2a.5 |l2s.0 l25.2 Hesa les.7
R 4.0 3.7 3.5 (3.5 |(]3.3 3.2
":f’ RN e6.6  |1s8.1 |lsa.1 lls0.a |la6.8 !la1.8 |
Eloz|on .73 .54 42 .37 .30 .18 ’
| 87.9 |{87.3 |[87.6 ||87.9 |[g8.1 ||88.1
pr-oT| moar |--- — —— — _— —
b < 631.8 |[564.9 |[522.6 |[478.0 |[a31.2 |[347.8
g 0 | wr 250 lt.e1n {90 (.70 s {12
A e | 568.8 |[516.6 ||480.8 |[a42.8 |[a00.8 ||323.1
g_. 4-00] ater 074 025 448 119 Mh.sa |l2.61
(3ake | s | |E-- --- et | el | i |
P - . — - 1= -
H-8



ENGINE

© PERFORMANCES

e s i o avm L

Part Load At 1800 RPM

.85% L. 70% | 60% 50% | 40%. | 25%
gl o |t 27.8 11 28.0 |l 28.3 || 28.7 {{28.6 || 28.8
ENT - ' »
#0 jmeur 1) 998.2 | 998.2 }{ 998.2!] 998.2 || 998.2 998.2
E [ o |ren 1800 1800 1800 |1 1800 {} 1800 || 1800
§ LR PP 1141.7 |1 932.9 || 790.5 |} 672.6 |}534.3 || 340.4
R 215.2 |1 175.8 !l 149.0 |} 126.8 || 100.7 || 64.1
* E [ L] bar 9.7 7.9 6.7 5.7 ) 4.5 2.9
e ot o [225.7 |[226.9 || 237.8 || 237.2 |{245.8 |[281.0
JFUEL | ac e 159.4 |} 131.1 |} 116.3 || 98.6 {|81.2 ||59.2
P N 48.5 39.9 35.4 1130.0 {{24.7 18.0
Lo L 116.8 {{114.7 11 113.1 [ 111.4 {[100.6 |{ 107.5 |
T e 0w 3.5 3.5 3.6 3.7 3.7 3.8°
DR 0.6 |[916 |[92.2 |[926 |[92.7 |[93.2 |
g ERERI 193.4  |loa.1 lhoa.r {loaz |lez.g ||9s.3
RER 26.0 26.2 || 26.8 [f27.3 |{27.3 27.8
oo-s | mar || 5.3 4.7 {la6 1{s3 a0, 1]3.9
':f' | tig3.1 |{72.2 |[67.1 |[61.5 |[55.6 |[49.2
E oz ] 1.1 .81 69 {1.56 {{.43 .28
RO 89.6 |{89.6 ||89.4 ||s9.2 ||s8.8 |}89.0
p2-07| mtar l___ o — —_— — ——
n | 620.8 |{569.4 || 536.0 |{493.2 }]442.9 }|370.3
s o1 | sar .382 .318 .283 |].250 |].214 A7
§ e fec 549.7 !1510.4 |{484.2 {|449.4 {{407.6 |{341.9
3 [os-00f atr 3.5 2.2 1.7 1.0 .49 1.19
lSAako umn. ——— ———— ——— | -~ ——— R
BLOW - BY ford /e —_——— _— ———- —— ——— _—
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ENGINE

PERFORMANCES

] Part Load At 2000 RPM

. 85% | 70% 60% 50% 40% 25%
ERER 205 1129.3 |l 29.1 |[20.1 |[29.2 |[29.3
ENT (] " .
s0 jamor || {lo9s.2 1l o9s.2 || 998.21} 998.2 || 998.2 || 998.2
g n {ron 2000 2000 2000 || 2000 {2000 2000
B n fmem 1174.3 || 953.3 || 827.2 || 679.4 |{549.2 || 343.1
R 2
Ble |w 245.9 {}199.6 1] 173.2 (] 142.3 {{115.0 || 71.8
g e | 10.0 {|8.1 7.0 115.8 -||a.7 2.9
ks moatcla 220.8 |1226.3 || 232.9 1] 243.9 {|250.6 |]285.2
JRUEL | ac prd, 160.7 || 133.7 || 119.5 || 102.6 ||85.2 60.7
LA 54.3 45.2 20.4 [{34.7 {l28.8 1l20.5
Yo L L 119.1 {{116.3 1| 117.4 |{113.0 {[111.6 {{100.0 |
B 113.8 4.0 4.0 4.1 4.1 4.3
Wl = Hoo.o Hoz.o o2 |lozs loz.s 1oz |
é oy ) 94.9 94.3 94.1 |}94.2 |}94.0 94.1
n | o« 27.7 |{27.5 || 27.4 |[27.5 [{27.9 ||28.1
-9 | mar 6.9 6.1 5.8 ||5.4 .115.0 4.5
"f' e | l198.3 |le5.a |[79.2 {|71.7 |lea.7 |[54.9
Eloz|ow 1.4 1.1 .95 || .78 .60 .39
| e 93.3 91.7 91.2 |{90.6 |{90.0 |{89.4
p2-p? avr 1_,__ _— ——— _—— —_——— —_—
K 600.7 ||559.1 {] 531.3 |}496.0 {}452.5 ||379.8
g 0y | e 532 440 .397 |1 .385 ].291 221
A e ] e 523.9 ||492.1 || 471.9 j1444.9 {}409.7 ||346.2
¥ ok -50| atar 6.6 5.0 4.3 3.6 3.1 1.1
lSQun Beich A [ - - [ - ——— -
ELOW-BY o /0 ( - ——- - --- - -
H-10




ENGINE N .
PERFORMANCES
: Part Load At 2200 RPM
-85% |- 70% 60% 50% 40% 25%
EER 27.5 11277 |l27.9 |}28.0 |{e8.8 |]28.2
NT ' '
ENT | 4o * 995.5 {1995.5 !} 995.5 {]995.5 {{995.5 |{995.5
E a | ron 2200 2200 2200 1{]2200 {2200 2200
§ M |man 1200 983.1 |} 847.5 |]705.1 |{565.4 ||347.1
Mo |w 276.4 {1226.5 11195.2 {1 162.4 1}130.3 |} 79.9
e e | oar 10.2 8.3 7.2 6.0 |[4.8 2.9
ke Avstelg 223.8 {1226.9 || 232.3 {|242.7 {{253.6 |]295.6
fueL { e i, 166.2 |[138.2 || 122.1 |{106.2 |[89.0 63.5
an o | 61.8 {{51.4 |l45.4 [{39.5 |[|33.1- |{23.6
IMEIE 119.1 {{116.8 || 115.5 |{114.4 |[112.7 {{110.4 |
T en | e 4.4 {la.a 45 |la.5 .46 4.7 |
1
Wilre {= 1190.5 91.0 91.6 |l92.5 Ilo2.6 92.9
é e | e : J' 93.4 93.2 ; 93.6 94 .2 94.0 93.8
nof 58 1262 |l26.a [[26.7 1270 {l27.3 |l
00 -51 | mbur H 8.1 7.5 6.9 5.6 5.5 5.1
W :
A 97.6|189.4 |181.8 ]73.4 |i60.9 !|54.3
E 1oz | 1.4 {]1.2 1.0 .81 .54 .38
ny o 93.5 1l92.9 92.7 1l91.8 1l90.7 90.3
p2-p? nba} ! ——— ——— ——— _—— ——. _———
» |« 552.2 ||526.6 |[497.7 |[460.3 |[393.6 |[340.6
E oy | =ar 594 1].516 453 |1.379  }].287 .237
Alre e 477.2 ||457.7 ||436.1 |]407.6 |j351.1 |1304.2
s .
T . |ov-o0] e 9.3 6.7 5.3 4.4 b .7 1.3
!S.du seseh [ . - —— ——— e = ———
BLOW - BY Lm‘mn - _——— —— . -~ _—
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ENGINE L
- " PERFORMANCES
Part Load At 2300 RPM
.85% L.70% | 0% | 50% 40% | 25%
NERE 29.5 11 29.8 || 30.0 ][ 30.3 |[30.4 | 30,4
BT | a0 lanw 995.51] 995.5 | 995.51| 995.5 || 995.5 || 995.5
,E o | ron | 2300 |j 2300 |i 2300 || 2300 |[2300 || 2300
§ n o fnon 1209.6{ 993.9 || 848.4{| 709.2 |{573.6 || 355.3

Bl | 291.3 || 239.4 1| 204.4 || 170.8 }[138.1 || 85.5

§ o 10.3 118.4 {1 7.2 (6.0 |la.9 3.0
- 222.6 || 245.7 || 234.8}| 245.7 }]258.5 |} 295.6

e [0 = 167.0 |[140.7 || 123.2 || 107.8 |[81.8 || &5.
EREL 64.9 ||54.7 || 47.9 |]at.9 ||35.7 1]25.3
S 121.8 {1 119.0 || 116.9 |{ 115.4 {[113.8 || 111.6 |
10IL " —
o | war 4.4 {las las llae |lae 4.8 |

U ERE {918 |lo1.8 |l 920 |[e2.3 ([e2.5 |[o2.0 |

1EE H 94.7 11941 tloa.1 Hloa1 lleao llosg |
ERE 27.4 |127.8 |l28.1 |{28.6 2.0 |l29.2

o001 | mear 11 10.4 {{9.2 8.4 (7.7 7.0 6.1

N | 1202 |1106.3 || 97.1 [lso.1 |ls1.0 I[67.2

L .

E oz o] 1.9 |]1.6 1.3 |{1.1 .93 .60
vy ! 98.6 1195.8 94.4 |l93.6 {]92.9 91.8
p2-pY| mtar ! |....- -—— —_———— -—— -—— ——

] 596.6 {[556.7 |[527.2 |[500.9 [s68.9 |[399.4

5 p1 | axr .794 1,667 .578 ||.504 {].435 .326

§ e et 504.5 |{474.8 ||453.7 }|a54.4 ||s10.3 |[354.2

F [ot-o0] anr 20.0 ||11.8 li{s.a 5.5 |l5.3 3.2

lSAako BoseN “ - -——— - - - - -

BLOW-BY k'/mn - --- --- --- -—- -—-
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- - PERFORMANCES
Part Load At 2400 RPM
85% |..70% | 60% | 50% 40% | 25%
amgrl 1 ; 31.5 j} 31.6 31.7 1] 31.8 |} 31.9 31.8
B oo Lase |1 995.5 |{ 995.5 || 995.5 1| 995.5 |{ 995.5 |{ 995.5
n | ron | 2400 || 2400 {{ 2400 |{ 2400 |{2400 || 2400
é o |m 1213.6 980.4 || 854.3 1} 709.2 ||{558.7 || 345.8 .
Aot 305.0 |1 246.4 || 214.5| 178.2 || 140.4 || 86.9
? pre | var 10.3 118.3 7.3 || 6.0 " |}4.7 2.9
ks natdgaun 226.3 1} 232.3 || 237.2 || 247.5 {}263.4 |} 303.5
f"ﬂ o P hoe 170.1 {1 141.3 || 125.7{] 108.7 {|91.2 || 65.1
e e 69.0 {}57.3 || 51.0 {[44.1 {|37.0 1|]26.4
e “122.6 || 119.4 [ 17.9][ 116.1 |[114.7 }[ 112.1 }]
S e | e 4.5 [l4.6 4.6 |l4.7 |48 4.9°
HERERH 91.6 |{91.6 || 91.9 ||[92.1 |[92.5 {{92.7 |
E oy | 94.7 |193.8 !{ 94.0 |{|93.8 |j93.8 |lo3.7
SER 29.2 {l29.7 |l 29.8 {|30.0 30.5 |{30.6
00-p: | mear 1.6 1110.0 9.2 8.3 7.6 7.4 .
U :
N 130.7 |} 113.6 || 104.7 || 95.5 185.8 || 71.1
Eloz | 2.1 1.7 1.4 1.2 .99 .66
e 100.3 || 97.2 || 95.8 |10a.7 {{93.9 |} o2.5
p2-p7 Rbd-’ ! - - - - - - - - hakadd
0|« 606.4 || 558.5 |[ 532.6 |[503.1 |[467.6 |[404.4
5 p1 | oar 890 1} .726 .644 || .557 |}.472 .362
§ i 508.4 |1473.3 |1 454.7 11433.6 |1407.9 1]356.0
T |oe-00] wor 27.3 |}15.2 |} 10.6 |]7.1 5.5 4.0
}sau, Beseh - - -—- - - ————
F;mw.ay o/ --- -—- -—-- === === ==
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FERFORMANCES

h Part Load At 2600 RPM
83% | 70% | 60% 50% | 40% 25%
r w
me) | 33.1 1133.0 1331 |]33.0 ||32.5 !l 32.7
ENT | g0 fana ! i1 995.511 995.5 || 995.51) 995.5 || 995.5 || 995.5
E o |ron 2600 || 2600 {{ 2600 || 2600 || 2600 2600
F .
g | " jna 1179 71 960.0 || 827.2 687.5 11551.9 || 343.1
AENER! 321.21] 261.4 || 225.2 1] 187.2 | 150.3 |] 93.4
& o Lo |l 10.0 118.2 7.0 |[5.8 -|[a7 2.9
s rostclo i[ 233.51]234.8 || 243.3][ 253.0 | 272.8 |[ 321.1
fFUEL | e de 170.9 |} 139.5 || 124.9]} 107.9 |}93.3 || 68.3
}
an | L 75.1 ||61.3 54,9 {|47.4 ||#1.0 !]30.0
Yo Ll 124.0 {1 120.9 1| 119.3]] 117.8 |[116.5 || 114.25| 3
. oH o3 {1 4.7 1 4.8 4.8 4.9 4.9 5.1°
Wilhe i« ] 913 J[9t.5 91.6 |[92.0 |[92.4 92.6 |
T ,. . .
Bl | i i| 94.4 {1939 I 93.8 ||93.7 ||o3.8 93.7
KR {1 307 |{30.7 |{31.1 ][31.3 1{30.7 |[31.5
. R |
' PO-pT | mbur 32 g 10.7 1l 9.8 9.0 7.5
EEIE 1141801 124.3 || 115.8 |[ 105.4 {{95.6 |l 80.6
Flez|on 2.2 |11.9 1.6 |11.4 |]1.2 81
vy | 102.8 || 99.7 98.1 |} 96.4 |}95.4 93.5
p2-pY| mbar ‘ i o - —— e ——e e
n |« 623.2 || 566.7 || 537.8 || 506.6 {|476.4 || 418.8
R Rl 1.02 !1.857 | .755 || .e63 ||.s82 |l .a47
g e | oe 516.7 || 474.8 || 453.1 {1430.6 {{407.9 1| 362.2
g [os-00| auar 41 37.3 |{25.4 17.3 || 11.4 ||8.5 5.7
's-m Beseh ] — . — e — —— _—
BLOW-BY for'son I | D —- ——- ——- -




DISTRIBUTION

Commander

US Army Tank-Automotive Command
ATTN: DRSTA-TSL

Warren, MI 48090

Commander , )
Defense Technical Information Center
Cameron Station

5010 Duke Street .

Alexandria, VA 22341

Commander

US Army Tank-Automotive Command
ATTN: DRSTA~RGE

Warren, MI 48090

Best Available Copy

LIST

Copies

12




